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j  CHAPTER  THREE 

SYMMETRICAL  CABLES 

I  A,  Cable  Designs  and  Their  Calculation 

j  3-1.  Elements  of  the  Designs 

| 


The  conductors  of  symmetrical  cables  usually  con 

;  slst  of  round  annealed  copper  wire  Isolated  by  a  concent 

f 

j  ric  layer  of  Insulation. 

|  The  diameters  of  the  wires  In  use  are  presented 

!  in  Table  1.  . _ _ 


l 


j 

j 


I 


I  -  •V-'-.A’  .'•  •/*> 

, ,  j:‘ 

•  A  composition  of  paper  and  air  which  possesses  a  j 

| 

|  relatively  lew  dielectric  constant  and  thereby  provides  for  f 

If  * 

i 

•  sufficiently  low  attenuation  per  kilometer  is  used  as  in-  \ 

\  I 

I  suiatlon  for  the  conductors  of  symmetrical  main  cables  whicjii 
;  } 
j  are  employed  to  transmit  audio  and  higher  frequencies  over  j 

I  '  ; 

|  considerable  distances,  * 

I  .  I 

I  .In  short  cables  that  branch  off  from  the  mains  (e,  \ 

■  i 

5  ,5 

[g.,  in  telephone  distribution  cables  and  office  cables)#  | 

f  i 

[  and  in  holding  and  signalling  cables  used  for  transmission  .j 


i  j 

j  of  a-c -pulses,  use  is  made  of  solid  impregnated  fiber  in-  \ 

!  suiatlon  (made  from  paper,  cotton,  or  silk  fibers},  fre- 
Sj 

I  quently  in  combination  with  a  thin  layar  of  enamel  which 
Is  applied  to  the  wire.  Impregnation  lessens  the  hygro-  j 

I  I 

scopic  tendencies  of  the  insulation  and  raises  its  dielec- \ 

|  i 

!  trie  strength,  ! 

\  ‘  i 


The  latter  Is  of  particular  importance  for  holding 
cables.  The  application  of  the  air-and-paper  insulation 
to  a  cable  conductor  may  be  a000™1?!!  she3  by  any  of  four 

f 

different  methods.  ? 

) 

i 

4 

a)  With  a  longitudinal  strip  which  forms  a  trihed-i 

5 

ral  prism  (triangle)  about  the  wire  and  is  wound  with  a  ] 
loose  spiral  of  cotton  thread  for  strength,  b)  With  a  cio~j 
sed  paper  spiral  wound  about  the  wire  to  form. one  or  two  j 
hollow  tubes,'  which  are  compressed  until  they  wrinkle,  c) _ | 

!  WWh  m  A—w«g)i  M'»"» "**“*'''* ,f"  mutt  m-'-nm  mr.i.u-T, 


2 


f  By  covering  the  wire  with  a  continuous  porous  paper  mass  | 

j 

|  (.".paper-pulp"  insulation) .  d)  By  winding  the  wire  with  an 

I  .  ' 

{  open  spiral  of  packthread  (paper  thread)  with  one  or  two 

{  '  s 

|  paper  strips  applied  over  it.  The  technology  of  insulating 

\ 

!  by  the  methods  indicated  is  discussed  in  Chapter  10.  \ 

i 

|  All  types  of  air-and-paper  insulation  are  represn- ; 

j  ted  schematically  in  Pig.  3-1  ♦  Table  3-1  also  indicates  j 

i  2 

|  the  ranges  of  their  application.  | 


3 


'and -paper*  insulation  in  hollow  winding  (tube); 

c)  paper-pulp  insulation;  cl)  packthread- paper 
insulation , 


•  The  individual  conductors  are  usually  combined  ; 

j  _  < 

’  (twisted)  into  groups  which  are  called  the  elements  of  the  • 


r 

>. 

i 


| 


j 

I 

* 


i 


i 

i 


{ 


symmetrical  cable ♦  Twisting  places  the  individual  con¬ 
ductors  of  the  working  circuit  under  similar  conditions 
with  respect  to  all  external  interference  and  facilitates 
their  displacement  with  respect  to  one  another  when  the 
cable  is  flexed.  The  following  types  of  elements  are  used, 
in  existing  communications  cables: 

a)  the  pair  {?);  j 

b)  the  spiral  quad  (Z)>  { 

c)  the  double  pair  (DP);  j 

| 

d)  the  sextuple t;  j 

e)  the  oc tuple t  or  double  quad  (hZ);  j 

f 

f)  the  triplet,  j 

i 

The  first  three  elements  have  found  the  most  wide-j 

! 

spread  use.  The  others  are  used  much  more  rarely  and,  forj 
the  most  part,  due  to  design  considerations.  In  certain  j 


cases,  the  individual  elements  are  wound  with  an  additional 

j 

annular  layer  of  insulation  or  screening  tape.  The  former5 


1  are  referred  to  as  reinforced  and  the  latter  as  screened.  | 
*  1 
I  elements.  The  special  system  -of  conventional  designations’. 


L 


SYMMETRICAL  CABLE  TYPES 


Table  3-1 


Type  of  Communi¬ 

Wire 

Types  of  System  in 

which  ele-  j 

cations  Cable 

dism., 

mm 

insulation  ments  are 

twisted  ! 

i 

* 

Urban  telephone 

0.5, 

1, Longitud¬ 

Paired  j 

cable  (mains) 

0,6, 

and 

0,7 

inal  paper- 
sir 

2,  Hollow  paper 
winding 

3.  Paper-pulp 

Spiral  | 

quad  \ 

£ 

j 

| 

Telephone  dis¬ 
tribution  cable 

0.5 

1. Enamel  «-  one 
winding  of  im- 

i 

Paired  j 

i 

Telephone  office  0.5 
cable 


I  Long-distance 
|  communications 
j  cables  (pack- 
{  thread  type) 


Signaling  and 
holding  cables 


0*8; 

0.9; 

1*0; 

1.2; 

and 

1.4 

1*0 


pregn&ted.  cot¬ 
ton  thread 

2. Two  layers  of 
impregnated  cot¬ 
ton  thread 

1.  Enamel  >  one 
winding  of  cot-  ■ 
ton  thread  . 

2.  Two  layers  of 
impregnated  cot¬ 
ton  thread 

3.  Layer  of  impreg¬ 
nated  silk  and  im¬ 
pregnated  cotton 
thread 

P  a  c  k t hr e  ad -p  ap e r 


Paired 

Tripled 

Quadded 


Solid  impregnated 
winding  by  paper 
strip 


Paired., 
spiral  quad 
and  double 
pair 


Single  con 
due tors 
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presented  in  Table  3-2  has  been  worked  out  for  convenience  | 

” 1  '  i 

in  schematic  representation  of  the  cross-sections  of  the  j 
various  cables  and  to  simplify  their  classification. 

The  final  twisting  operation ,  i.e.,  the  Joining  of  j 
the  elements  to  fom  the  cable,  is  either  carried  out  by  j 
lays  (concentric  layers)  or  else  indieidual  groups  (strands 
or  bunches)  are  first  twisted  from  individual  elements  and  \ 
then  the  entire  cable  spun  from  these  groups  (bunched  twis 
ing) ,  l 

In  bunched  twisting,  the  separate  bunches  are  usu-  \ 

;< 

l  'J 

|  ally  twisted  by  the  M random”  method,  i.e.,  all  elements  | 
are  twisted  simultaneously  in  the  same  direction  and  with  j 
the  same  step  (lay).  •  f 


Key  to  Table  3-2: 

1.  CONVENTIONAL  DESIGNATIONS  AND  GRAPHIC  REPRESENTATIONS 

j  OF  INDIVIDUAL  COMMUNICATIONS-CABLE  ELEMENTS 

( 

I  2.  Schematic  section  * 

j  3*  Name  applied  to  element  j 

|  4,  Conventional  designation  (B  is  the  diameter  of  the  wirej 

|  5.  Conventional  graphic  representation  . j 

6,  Structural  characteristics  | 

7.  Pair  (P)  ■ 

8.  Two  differently  colored  conductors  are  twisted  and  | 

wound  (or  not  wound)  with  an  open  cot ton -thread  | 
spiral  •  I 

9,  Reinforced  pair  (PU)  : 


■  -*«^^rt»«  '^k»  ♦  t'lt'ihe.Jwe.N  -J»«~ ^  .-WttBrfKr.  &#ttH*ir*  MSH ".  **  '  ■  * 

1 9a.  1  X  2uxB  fit  “re  1  n  f  c  r  c edl  f 

1 10*  Two  differently  colored  .conductors  are  twisted  and  wound 
|  with  two  layers  of  paper  stripping!  here,  one  layer  ■ 

1  (the  lower)  may  be  applied  in  the  form  of  a  long! - 


l  tudinal  tube  with  an  air  gap 

j  H.  Screened  pair  (PE) 

|  IS#  lxSekrxD  [ekr-sereened*] 

|  13#  Two  differently-colored’  conductors  are  twisted 


ana  wouna 


with  two  layers  of  paper  tape  and  one  layer  of 
screening  tape*  The  first  (inner)  paper  winding 


|  may  be  replaced  by  a  longitudinally -applied  paper 

|  strip  forming  a  tube  with  an  air  gap  \ 

I1  14*  Spiral  quad  ( ?,)  \  ■ 

;  15#  Four  differently  colored  conductors  are  twisted  to-  f 
I  gather  and  wound  with  an  open  cotton -thread  spiral. j 

f  The  working  pairs  are  formed  by  diametrically-op-  j 

j  posed  conductors  (across  a  diagonal)  I 

16,  Reinforced  spiral'  quad  (ZU)  1  | 

17#  1x4  u  x  D  £u  ~r  e  i  n  f o  r  c  edj  j 

|  l8.  Four  differently  colored  conductors  are  twisted  together 

|  and  wound  (or  not  wound)  with  an  open  cotton-thread! 

|  ‘I 

t  spiral*  The  quad  ’Is  covered  on  the  outside  with  two 

j  layers  of  paper  stripping;  of  these,  one  (the  inner] 

j,  may  be  applied  longitudinally  in  the  form  of  a  tube  j 

with  an  airgap  I 

I  IS#  Screened  spiral  quad  (ZE)  •] 


20#  lx4e  x  P  £e “screened]  j 

21.  Four  differently  colored  conductors  are  twisted  together 
:  and  wound  (or  not  wound)  with  an  open  cot  ton -thread  ! 

f  s 

|  spiral.  The  quad  is  wound  on  the  outside  with  two  J 

I  layers  of  paper  stripping  and  one  layer  of  screenin 


The  first  (inner)  paper  winding  may 


be  repla 


7 


*t  \ . 


«f»«vr -afrtwso  > nf.i.-^—rtw. jo**** .rrynsn**'^ !%«**#■  ■- **'■  -*> rt  '***’**"  -•****  "  ^  f, 

by  a, longitudinally-applied  paper  strip  in  the  form  j 
of  a  tube  with  an  airgap  j- 

|  22,  Double  pair  (DP) 

j 23,  Two  pairs  twisted  from  differently  colored  conductors 
|  are  twisted  together  in  opposite  directions  and  j 

;  -  wound  with  an  open  cotton-thread  spiral  >. 

'  \ 

[  2k ,  Sextuplet  .  f 

|  25.  Three  pairs  twisted  from  differently  colored  conductors 
j  and  (each)  wound  with  an  open  spiral  of  cotton  thread 

j  (in  a  different  color  for  each  pair)  are  twisted  toi 

]  gather  and  wound  with  two  layers  of  paper  tape*  wit-H 


{  overlap  ;; 

|  26,  Double  quad  (BZ)  I 

|  2".  Four  pairs  twisted  from  conductors  of  different  colors' 

[  are  twisted  together  and  wound  with  an  open  cotton-! 

f  # 

j  thread  spiral  | 

{  ?8,  Triplet  | 

|  29.  Three  differently  colored  conductors  are  twisted  to-  j 

I  gather  and  wound  with  an  open  coton-thread  spiral  j 

i  i 

■  In  concentric  twisting,  however,  contiguous  layers  j 

|  ■  j 

j  should  have  different  directions  (alternating  directions) , j 
j  In  layered  twisting  of  identical  elements,  the  number  of  j 

(elements  in  each  successive  layer  should  be  larger  by  6 

than  that  in  the  preceding  layer — l.e.,  if  there  are  2  \ 

s 


elements  in  the  first  layer,  there  will  be  8  in  the  second!, 
14  in  the  third,  20  in  the  fourth,  etc.  We  obtain  a  cer-  j 
tain  number  of  elements  in  the  layers,  and  therefore  in  j 
the  cable,  depending  on  the  number  of  elements  in  the  centlr 
Tab  1  e  3-3  presents  possible  combinations.,. , _ _ — - — — J 


8 


Table  3-3  1 


^8T©iil«cf io“ mmrnnm  (hub  urn*)  bo  robriih  k  Bcero  *  sa6e*e, 

ttpM  I03mcw?ff5«8#6  capytito 


$|j  m®m« 
*jeet$e 
a  2tear?pe 


y  Ko^MStectEt  no  ihhniksm  {®ep^«»e  tt&4$u) 
OSmee  KMmecTso  b  Kffejg  (tnatfivie  5W$pi*) 


""($ . 

Hoeep  nc3H*a,  twa  or  nenrpn 

'  ! 

1! 

11,1  j 

IV 

v  j 

VI 

mi 

V!IE 

6 

12 

18 

24 

30 

36 

42 

■ 

48 

7 

19 

37 

61 

91  | 

127 

.  169 

217 

8 

14 

20 

23  1 

32  ! 

38 

■  44 

■50 

SO 

24 

44, 

70  ! 

102  i 

140 

184 

234 

9 

15 

21  | 

27 

33  j 

39 

45 

5! 

12 

27 

48  ; 

75 

108  ! 

147 

-  192 

243 

10 

16  | 

22  ; 

S3 

34  ! 

40 

46 

m 

14 

30 

,  52  i 

80 

114 

154 

200 

252 

n 

17 

d*d  i 

29 

#>  «** 

•  41 

47 

53 

16 

33 

56  ! 

83 

120 

161 

208  ' 

261 

i 

1.  NUMBER  OF  ELEMENTS  (OR  CONDUCTORS)  IN  LAYERS  AND  TOTAL 
NUMBER  IN  CABLE  WITH  CONCENTRIC  TWISTING 
j  2.  Number  in  center 

!  3.  Number  In  each  layer  (upper  figures) j  total  number-  in 

1  cable  (lower  figures)  • 

I  k.  Number  of  layer*  reckoned,  from  center  ...  ■ 


When  communications  cables  are  twisted  from  easily- 
deformed  elements,  deviations  from  the  figures  indicated 
in  Table  3-3  amounting  to  1-2  elements  in. either  direction 
are  permitted.  This  may  be  done  with  particularly  little  j 
ham  in  urban  cables  with  air-and-paper  insulation*  since 
deformation  of  these  elements  does  not  alter  the  parameter! 
that  have  been  established  for  them,,  j 
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i  In  packthread  ea clef,  lu  which  the  maximal  capacitive- 

5  .  "  A  '  r 

i  { 

\  unbalance  valuer  ere  stipulated  In  advance,  such  departures* 

]  are  undesirable.  In  any  event,  departures  greater  than  one 

{ 

!  element  per  lay  are  not  admissible  for  these  cables.  * 

[ 

To  determine  the  number  of  elements  n  in  each  layer  : 

•  of  a  composite  cable,  it  is  necessary  to  calculate  the  dia- 

|  meter  of  the  central  circle — the  I>t3  ^central'  of  fche  lai:^r 

|  in  question.  Then  the  number  n  of  elements  in  the  layer  j 

)  will  be  found  from  the  equation 

Sn/ 

1 


1%  '~\  -A 


D  =  --  )]n4.~» 


fi 


i  qgi 


'S 


j  where  D ,  is  the  diameter  of  a  circle  drawn  through  the  j 

I  ”D8  ' 

|  center  of  the  elements  of  the  layer  in  question* 

t  * 

j  n.  is  the  number  of  elements  of  the  same  diameter;  ■ 

JL 

\  ]  Is  the  number  of  other  types  of  elements  in  the  j 

I  ! 

j  layer  with  different  diameters;  ; 

i  * 

<  j 

i  d  ,,,  ,  is  the  effective  diameter  of  an  element  of  j 

j  eff  i  ; 

one  of  the  types  among  the  number  i  .  j 

t 

The  concept  of  the  "effective  diameter  deff"  Is  char' 

acteristic  for  cables  with  loose  elements  twisted  with  a  j 

j 

relatively  long  ley.  When  such  elements  are  twi sted,  the  ■ 

4 

|  insulation  is  compressed  and  they  merge  with  one  another  ; 

* 

it 

j  to  a.  certain  extent.  The  latter  occurs,  of  course,  only  j 

j  ’  f; 

|  in  twisting  elements  having  helical  shapes,  i.e. ,  these  jj 


1  Fig.  -3-2*  Schematic  section  through.  * 
I  cable  with  bunched  twisting.  _  | 
l  .  ■  ■  '  ■  | 
\  lacking  annular  windings  (of  the  types  wuM  and  "en) .  It  \ 


f  has  been  established  by  experiment  that  the  o 


f  these 


\  elements  is  smaller  than  the  diameter . of  the  circle  drawn  ? 

I  I 

!  about  them.  Thus,  for  example,  with  an  individual  conduc-l 

|  f 

I  tor  diameter  5  ,  •  1 

I  I 

i  dp  flf,  for  the  pair  «  1.63$  with  a  described -circle  diameter; 
j  of  2 Si  ■  j 

|  d  ff  for  the  quad  group  «  2*2p" with  a  described-circle  diaf 


meter 


of  2.4lSj 


d  for  the  double-pair  quad  DP**  2.72$  with  a  described-! 


circle  diameter  *  4$j 


de^.rv  for  the  double  quad  DZ  »  3»&3d  with  a  described-circle 
diameter  of  4.84$,  i 


In  bunched  twisting  of  cables,  the  shape  of  the  in-! 
dividual  bundles  is  so  deformed  (‘Pig.  3-2)  that  the  cable  j 


II 


I  _  . . . v^v.-va  ^ 

itf i #«««&  - -r.-r.^KV  ^ ^«e>- s«fcy - im&^***#’-t*&**rsm*‘  jj 


\  diameters  and  the  number  of  bundles?  in  a  layer  can  be  cal-  j 


|  culated  only  on  the  basin  of  the  areas  that  they  occupy  ; 

I  in  the  transverse  section  of  the  cable,  or  graphically. 

f  \ 

|  The  twist  is  characterized  by  its  lay.  The  element^ 

|  or  conductors  are  arranged  along  helical  lines.  The  length 


t 

f  in  which  the  conductor  or  element  being  twisted  makes  a 


complete  revolution  about  the  axis  of  the  cable  or  element; 


i  is  the  lay  of  the  twist,  i 

*  .•  i 

i  The  ratio  of  the  length  of  the  twisted  conductor  X 

?  •  t 

|  (element)  within  a  single  lay  to  the  total  length  of  the  j 

|  lay— which  indicates  the  factor  by  which  the  conductors  : 
f  i 

f  ( el6Kk6ntB}'  in  the  cable  are  longer  than  the  cable  xs  call, 

f.  r  I 

ed  the  tightness  factor  or  simply  the  "tightness," 

If  we  unroll  the  surface  of  the  twisted  cable  onco  , 
a  plane,  we  obtain  a  right  triangle  (Pig.  3  3)  in  which  j 
one  arm  is  the  length  of  the  cable's  circumference,  D,  j 

the  other  arm  is  equal  in  length  to  the  lay  h,  and  the  t 

1 

hypotenuse  Is  equal  to  the  length  1  of  the  twisted  eondue-j 


\  tor  in  one  step.  •  It  follows  from  this  triangle  of  evolu 

» 


j  tlon  that  the  tightness 
i  „  / 


/-(-? 


_L.I 

i  1  » 


|  i . e . ,  that  the  tightness  is  a  function  of  the  ra.tlo  j~, 


j  which  is  also  a  characteristic  value  for  the  twist.  This 


12 


-  $ 

ratio  should  lie  between  20  and  40  for*  communications  cabled 

i 


Pig.  3-3.  Determination  of  tightness .  \ 

factor*  i 

It  is . obviously  desirable  for  design  considerations | 

? 

V|  .i 

that  the  ratio  «•  be  large,  since  then  the  tightness  factor i 

"  J 

will  be  smaller,  and  so  will  the  outlay  in  all  the  material 

composing  the  conductor,  although  this  Is  restricted  by  J 

i 

the  flexibility  required  of  the  cable*  j 

In  addition  to  the  methods  indicated  above  for  pro¬ 


jecting  communications  cables,  there  exists  a  whole  series 


of  rules,  working  formulae,  and  empirical  data  which  have  j 
been  established  In  the  cable  industry  for  computation  of  j 
the- weight  of  the  materials  and  the  dimensions  of  the  sepal 
rate  elements  of  a  cable  design.  These  are'  considered  at  1 

i 

■  .  t, 

the  end.  of  the  present  chapter  after  a  general  survey  of  j 
the  basic  types  of  symmetrical  communications  cables*  1 


3-2.  GENERAL  SURVEY  OF  BASIC  TYPES 
OF  SYMMETRICAL  COMMUNICATIONS  CABLES 

a)  Urban  Telephone -Cable  Mains* 


- -*+***0* n utmmm 


£\r«W» 
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1  Urban  telephone  cables  (UOFT-V-:1 17’o-^l)  differ  in 

J  ‘  | 

!  number  of  pairs,  diameter  of  conducting  wires,  and  the  ? 

:  structure  of  the  protective  sheathing.,  (see  Taole  o-’W « 

i  As  will  be  seen  from  the  Table,  these  cables  are  \ 

’  made  from  conductor  wire  0.5,  0.6,  and  0.7  mm  in  diameter  j 

i 

« 

j  and  insulated  by  one  of  the  three  methods  described  above} : 

(  Trihedral -prism,  hoi low -tube,  or  paper-pulp  insulation.  • 

I  The  paper-pulp  method  of  insulating  the  conductors  ■ 

j  i 

|  is  the  most  attractive. 

In  these  cables,  preference  is  given  paired  and,  | 

less  fi’equently ,  to  quadded  ( star)  laying  of  the  conductor!' 

.| 

The  final  twist  is  usually  carried  out  by  concentric 

i 

layers  with  a  definite  number  of  pairs  In  a  single-  cable  j 
(from  5  to  1200,  inclusive) .  The  standard  numbers  of  pal  if, 

I 

in  the  cables  and  their  distribution  among  the  layers  are 
given  in  Table  3-5 » 


Ih 


•  "*'*  J ft  -f  ••  *a *ai«t*S(5»^4*i^  '* ■r 


^)ropoAC«ae  irea^o.ttMise  ki 


Table  3-4  I 


^yJHuaStttp  upOKOJKMTRt  MM 


(Jp  Nmpua  m6»*m 


<$*r 


%icm  mp 


5,  10 ,  20,  30,  40,  X h  5  m  1 
50,  70,  80,  100, 

150,  200;  mt 
■  400,  500,  600, 

700,  800,  900, 

1000,  1200  ;.,* 


m  Q$$  go  m 


^TA,  TE,  TSr  s 
*  TK 


/  if 


TO  rot  5  Jt6-  600  I  Or  5  AO  600  Of  §  «o 


/Of  20  /to  600  'Of  20  AO  600  Of  20  j*o  6 

•  ■  ‘  # 


f  1*  Urban  telephone  cables 
2*.  Type  of  cable 


I  3*  Blame  ter  of  wire,  -tm  l 

\  -  ■  **  .  -  *  f 

j  4.  Number  of  pairs  I 

j  5»  TO  '  .  .  ) 

1  6 ,  TA,  TB,  TBG  and  TP  ;  ! 

f  TK  '  •  ! 

1  ■■  1 

|  7*  from  | 

I  8,  to  j 

i  i 

1  All  types  of  urban  telephone  cable  have  lead  sheaths, 

j  r 

j  the  thicknesses  of  which  are  listed  in  Table  3-18.  j 

|  0ver  the  lead  sheath  the  cables  may  have  external  I 

I  i 

I  protective  coverings  and  armor,  } 

I  '  i 

|  Klg»  3-4  shows  a  100-pair  armored  telephone  cable  j 

j  of  Type  TB  In  section.  The  basic  parameters  of  urban- type ! 

j  "  l 

j  telephone  cables  are  given  in  Table  3-6.  I 


•tfttatifii* 
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j  Pig.  3-4*  Type  TB  urban  telephone  cable.  j 

|  1 — outer  protective  coating.!  2 — amor  con-  j 

1  sitting  of  two  Iron  strips}  3 — bedding? 4 —  j 

i  lead  sheathing}  5 — insulated  conductors 

1  i 

i  % 

i  b)  Telephone  distribution  cables  (Type  TRK)  | 

\  \ 

|  These  are  designed  for  leading-in  terminal  blocks  j 

{ 

j  in  cabinets  and  distribution  boxes,  and  for  laying  along 

l  I 

!  the  outside  and  inside  walls  of  buildings.  j 

I 

The  current-carrying  conductors  are  made  of  enameled 
j  annealed  copper  wire  0.5  ana  in  diameter  and  are  wound  with  | 

|  cotton  thread}  a  double  winding  of  cotton  thread  may  be  us*jd 
j without  the  enamel.  Contrasting  colors  are  provided  for  I 

1  the  conductors, .  The  two^.£QiLdjaa:tiai^ 
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1.  BREAKDOWN  OP  LAYS  BY  PAIRS  IN  URBAN  TELEPHONE  CABLES 

2.  Number  of  pair© 

3.  Number  of  layers 

4.  Rated  (nominal) 

5.  Actual 

6.  Central 


L 


6d*j| 


Fig*  3-5*  Telephone  distribution  cable  of 
i  Type  TRK  { Binglo-pair) . 

\  1 — lead  sheathing]  2— cot  ton -thread  winding] 

!  3 — insulated  conductors. 


;  exception  of  the  single-pair  type)  into  a  pair  and  wound 

|  with  a  cotton -thread  spiral.  The  pairs  are  regularly 

I  twisted  and  calico  stripping  or  a  double  paper  stripping 

is  wound,  layer  ty  layer,  into  the  cable.  All  inauletiot 

|  Is  impregnated  with,  an  insulating  compound.  The  lead 
f 

|  sheathing  is  applied  over  the  insulation. 


s 

t 


f 


Pig.  3-6.  Type  TEX  (multi-pair)  telephone 

|  distribution  cable, 

1— lead  sheath;  2 — winding  of  paper  or  cloth 
|  stripping]  3 — insulated  pair  of  conductors 

\  twisted  in  concentric  layers 


I 

( 
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a 


Pig.  3-7.  Type  ToS  Telephone  office  cable. 
1 -‘-Winding  of  paper  or  cloth  stripping)  2~ 

3- — lead  shield. 


neuleted  conductors.!! 


Pig,  3-8.  Type  TSO  braided  telephone  office 
cable. 

1— Insulated  conductors)  2 — Double  winding  of 
varnished  cambric  or  oiled  paper ;  3 — braiding 
of  twisted  cotton  thread  impregnated  with 
moisture-resistant  compound. 


Pig,  3-5  and  3~d  show  single-pair  and • 30~pair  dis¬ 
tribution  cables. 

j 

f  The  basic  dimensions  of  Type  TKK  cables  are  given 

i 

1  in  Table  3-7..  The  thickness  of  the  lead  sheathing  is 

i 

t 

|  given  at  the  end  of  the  Chapter. 

|  c)  Station  telephone  cables, 

|  These  cables  are  used  in  the  installation  of  tele- 

1 

t 

phone  stations. 

Station  cables  are  classified,  in  accordance  with 
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;|  [Key  to  Table  3-6 tj  | 

|  1,  BASIC  DIMENSIONS  Cl?  URBAN  TELEPHONE  CABLES 
|  2.  Pair  count  of  cable 
i  3  *  Condu c t or  d.l  amo te r  0 .  gmra 

j  | 

I  4.  Out  aide  diameter,  m  j 

5.  Greatest  shi pplng  length,  m  j 

|  6,  Conductor  diameter  0«6im 

l 

I  7*  Conductor  diameter  0,7mm 

!  8.  TO  •; 

J  9.  TG  and  TA  j 

i  10,  T30,  TS.  and  TP 
\ 

I  11.  T30  ; 

1  12.  TB  .  I 

j  13.  TP  ‘  j 

j  14.  TA  ' 

\  15.  TK  j 

j  16,  TO,  TA  | 

j  17.  TOT,  TB,  TP  | 


I  the  type  of  protective  covering  used,  into  lead -clad  (Tyoei 

i  \ 

I  TSS)  cables,  which  are  laid  on  the  outride  of  ‘buildings  ; 

f  * 

(  ,  i 

and  in  premises  with  elevated  humidity  (see  Pig.  3-7) t  and( 

It 

braided  cables  (Type  T£0) ,  which  are  used  in  dry  environ-  I 

»  ,  ’  ! 

!  merits  (see  Pipr,  3-8),  ; 

;  The  current-carrying  conductors  are  made  of  enamele^ 

|  annealed  copper  wire  0.5mm  in  diameter  with  a  cotton-thread 

!  : 

i  winding.  ? 


The  differently  colored  conductors  are  twisted  into 


i  groups  of  2,  3,  or  4,  end  these  e r  eyre und , yj& £’i ££  1  J 


g*'**'’******,  •***»««*$'> sutoty  ***  .nWr.*w*? •***>-"**  *i’  *  *v  *,s  "  ' 

\ cotton  thread  and  then  twisted  properly  (by  layers)  into  ) 
a.  cable.  _  ! 

The  overall  twist  is  wound  with  a  cambri c  03?  double 
| paper  strip  arid,  in  ISO  cables,  with  two  layers  of -oiled  j 

i  .  .  r 

j  paper  and  varnished-cambric '  stripping.  In.  this  form,  the  f 

|  •  Table  3-7  .  ' 

j  BASIC  DIMENSIONS  OF  TELEPHONE  DISTRIBUTION  CABLES  j 
!  {Type  THK)  ! 


jfteoso 
w  mp 

1  Maieciittjjfi>»tf&>vl 
j  M/ 

j  jumiierp  mt 

I  .  MS,  MM 

NUtkemautMtaA 

ctpetntxknttsa 

j  m 

1 

" 

3,5X4, 5 

1  COO 

.  5 

s,e 

1000  ■ 

10  , 

105 

1000 

SO' 

13,5 

1000 

so 

15.5 

1  000 

'10 

..  17,0 

1000 

.50 

.  '  .19.5 

1000 

70 

22,5 

1  ooo 

100 

26v0 

im 

j  2,  Number  of  pairs  .  j 

|  i 

1  3*  Maximum  outside  diameter  of  cable,  ram  J 

I  j 

]  4*  Maximum  shipping  length,  m  ] 

I  cable  is  impregnated  with  an  Insulating  composition;  then  { 

f  | 

S  TSS  cables  are  covered  with  the  lead  sheath  and  TSO  cables  [ 
i  1 

I  with  cotton -thread  braiding  which  has  been  colored  with  an! 

1  i 

i oil-base  dye.  ? 

|  I 

I  The  production  of  station  cables  with  an  outer  sheath 

I  of  polyvinyl-chloride  plastic  instead  of  lead  has  recently  I 

been  initiated.  These  are  cables  of  Type  TSSh.  where,  .the . j 


♦  _  <x,j  :  i . 

*tm»tr ^t&n, :<it*»vr-.iymr  *| 

|  last  letter  Indicates  that  the  cable  has  a  vinyl  jacket 

I  i 

j (shlang)  instead  of  a  lead  one,  j 

!  The  basic  dimensions  of  the  station  cables  are  : 

|  ■  \ 

\  given  In  Table  3-2 •  J 

I  1 

!  The  station  cables  have  a  lead  sheath  0„9rcm  thick,  j 

\  '  Table  3-8  i 

i  i 

\  '  f 

I  OCHOBHiJe  pa3MepU  CTaHUMOBHMX  KaftfcJiefl _  | 

[  V_  j  MliKCtiMaJtbHUft  MapyW^J  Mai<CHiJaj,j,nag  i 

I  CHCTCMa  CKpVT-  Hfajft  RtsaMt'Tp,  cTpOKTC/lMiaR  t 

(  At  \  Iilfulirin  IS  Pft.  - -  -  -2--. -  Ul«in.v.u.n«r 


(■U1CJIO  N  CO- 

it »  rpyun)  j 

TCC  #  j 

ICO^ 

5X3 

10,0 

9,5 

11X3 

13,0 

12,5 

21X3 

!  15,0 

14,5 

11X4 

15,0 

14,5 

21X3 

16,0 

15,5 

26X3 

18,0 

18,0 

63x3 

25.0 

25,0 

103X3 

30,0 

30,0 

1000 
1  000 
1000 
1  000 
1000 
1  000 
1000 
1000 


j  1.  BASIC  DIMENSIONS  OP  STATION  CABLES 
|  2.  Twisting  system  (number  and  composition  of  groups) 

|  3*  Maximum  outer  diameter  (mm) 

4.  TSS 
|  5.  TS0 

|  6.  Maximum  shipping  length,  m 

. 

Station  telephone  cables  with  somewhat  different 
construction  are  encountered.  For  example,  we  may  have 
I  cable  with  tinned  copper  wires,  which  make  brazing  easier, 
[or  with  silk  insulation  or  layers  of  silk  and  SQ.fct.QJD — tiLDsa 
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iThe  practice  of  varnishing  the  surface  of  the  conductor  f 
I  "  ■  ‘ 

|  insulation  has  recently  come  into  wide  use*  this  makes  them 

I  easier  to  work  with  In  assembling  station  equipment*  Dls-  . 

!  •  i 

|  tributlon  and  station  cables  are  made  with  polyvinyl  chlo-  j 

|  ride  conductor  insulation  and  protective  sheathing,  \ 


|  d;  Cables  for  signaling  and  holding  .  * 

|  Those  cables  are  employed  in  railroad  remote  control 

s  * 

I  •  i 

|  { STsB) ,  telegraph,  and  other  systems.  f 

!  Cables  with  protective  coverings  appropriate  to  the j 

conditions  of  use  are  empolyed*  ■  | 

| 

The  current  conductors  are  of  annealed  copper  wire  i 

1  ms&  in  diameter*  The  conductors,  insulated  with  a  solid  I 

|  .  1 
layer  of  5-6  strips  of  cable  paper,  are  twisted  with  a  pacf- 

£ 

■  ing  of  cable  thread  or  with  a  paper  plait.  The  twisted  j 
cable  is  wound  on  the  outside  with  cambric  or’ paper  strip- i 

i  i 

‘  •  I 

ping  and  then  impregnated  with  insulating  compound*  j 

A  lead  sheath  and,  in  armored  cables,  a  protective,  j 

I 

covering,  are  applied  over  the  winding.  Their  thicknesses | 

■  * 

are  listed  at  the  end  of  the  present  chapter*  j 

The  basic  dimensions  of  Signaling  and  holding  cable! 

I 

j  are  given  in  Table  3-9.  [ 


e)  Long-distancei  communications  cables  {pack' 
thread  cables) 


Zb 


A  general  picture  of  the  design  of  the  basic  element^ 


|  going  into  packthread  cables  was  given  at  the  beginning  of  ; 

|  the  present  chapter  (Tables  3-1  and  3-2} *  The  number  of 
; 

!  Table  3-9  i 
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|  1.  BASIC  DIMENSIONS  OP  CERTAIN  SIGNALING  AND  HOLDING  CABL 

f 

i  2.  Number  of  pairs 

i 

3.  Approximate  outside  diameter,  mm 

4.  for  Type  SOG 

5.  for  Types  SO A,  SOB,  SOBG,  SOP,  SOPG 

6.  for  Type  SOK 

elements  and  their  combinations  are  determined,  by  the  nat 
rue  and  number  of  communications  circuits  to  be  transmit! 
|  via  the  cable  in  question.  The  long-distance  cables  used 
jin  this  country  may  be  classed  into  three  consolidated 


>  <e**srt  eWM*»4* 


j  groups*  l)  simple  and  screened  low-frequency  cables  with 
|  the  quadded  structure  for  audio -frequency  transmission, 
j 2)  composite  low-frequency  cables,  and  3)  high-frequency 
j  cables  for  the  12-channel  system  (to  60  kcps)  and  the  24- 
|  channel  system  (to  108  kcpa) ♦ 


I  cunications  cable, 

|  1 — protective  outer  covering! .2 — armor 

I  formed  from  two  iron  strips;  3 — bedding; 

J  4 — lead  shield;  5 — paper-tape  winding; 

i  6 — insulated  qu&'dded  conductors. 


j  Low— frequency  quad  cables  are  used  as  connecting 

|  lines  between  district  (rayon)  automatic  telephone  offices 

! 

|  (ATS),  for  river  crossings,  and  .for  cabling  telephone- 
I 

|  telegraph  centers.  They  consist  of  a  certain  number  of 

1qua.de  twisted  together,  with  the  quads  screened  from  one 
another  in  certain  cases  (usually  every  other  one).  Pig. 


? 

I 


i 

•? 


* 

i 


I 


5 


5 


jj 


J 

§ 

? 

* 


* 

f 


OK4WS5W*. 


25  ’ 


Pig.  3-iO,  Type  TZEQ  screened,  quadded  com¬ 
munications  cable. 

1,— lead  sheathing;  2— paper-tape  winding; 
3-~unecreened  quadded  conductors;  4 — screened 
quadded  conductors. 

Table  3-10 

^OcnocNne  ^8KMfc3e  ifopjieakabix  KadeaeSl 

£ 


a  tusCcx 


fafjL  Qp)l*mmrp  npoaocmcst,  mm 


.  /- 

T3f,  T3H, 


(£fj 

T3SMT,  T33R,  1 
T3Bf,  T33BP, 
T3m,  T3311, 
T3nr,  T33nr 


lum«.x 


03  h  0  ,9 

1,0  |  M 

(j)H*c,o  ->»»■>•/»  . . 

! 

3*  4,  7,  12,  19, 
24,  27,  30,  37,  44  J 
48,  52  ,  61,  75,  80, 
91,  102,  108,  114 

3,  4,  7,  12,  14,  i 
19,  24,  27,  30,  37 J 

✓ 

3,  4,  7,  12,  14, 

1  19,  24.  27,  30, 

!  34,  37,  43.  52,  61 

t 

3,  4,  7.  12,  14, 
19r  24,  27,  30,  37 

3,  4,  7.  12,  14, 
19  ,  24,  27,  30  ,  37 

. 

3,  4,  7,  12,  14 

7,  12.  14,  19,  24, 
27,  30,  37 

i 

3,  4,  7,  12,  14. 

19,  24,  27,  30,  37 

1  . 

3,  4,  7,  12,  14 

i  .  _ . 
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fcey  to  Table  3-lp] 

BASIC  DATA  FOR  PACKTHREAD  CABLES 
TZS,  TZB 
Tvpe  of  cable 
TZEQ,  TZEB, 

TZBG,  TZEBG, 

TZP,  TZKP, 

TZPG, '  TZKPG, 

TZK,  TZEK  . 

Diameter  of  wire,  mk 
Number  of  quads 


* 

i 


i* 

2 * 
3- 
4, 

% 

6. 

*■7 
*  * 


I* 

:  2. 

1  3* 

h 


3* 

6* 


1* 

8. 


key  to  Table  3-ll] 


OUTSIDE  DIAMETERS  OF  TYPE  TZO,  TZB,  TZP, 
Number  of.  quads 

tzg 

Diameter  of  wire,  mm 

TZB 

TZP 

TZK 


£ 

I  " 
■  t 

AN D  TZK  CABLES! 

I 


■1 

| 


key  to  Table  3-12]  (pages  following 
"" .  ;  “  Table  3-U) 


TYPES  OF  SINGLE-LAY  COMPOSITE  CABLES 

Sectional  vies  in  (conventional)  schematic  represen¬ 


tation 

Designation  (conventional) 


•  Approximate  diameter  of  cable  under  lead  sheath,  mm 
ekrjfss  acreened3  M 
Type  [I,  III,  etcTj 
Table,  3~I2  (continued) 
u  jsrrainforcedj 


1 

| 

I 

\ 

l 

I 

I 

j 


3-9  and  3-10  show  sections  of  simple  and  screened  quadded  ! 

f 

cables.  The  numbers  of  quads  from  which  they  are  twisted  [ 

| 

are  given  in  Table  3-10.  The  same  table  also  indicates 
the  diameters  of  the  current-conducting  \ 
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Table  3-12  f 
(Cont*d)f 


wv WWIV.-  ..V-'-  .  <  ,  ** 


**** jw^saB*1  *»#« ' Ij. 


j wires >tis$d  in  thenu  -The  cables  are  twisted  by  regular  con~i 
centric  layers  according  to  the  system  indicated  in  Table  { 


3-3. 


The  thicknesses  of  the  lead  sheathings  and  the  pro- 


j  tective  coverings  are  listed  at  the  end  of  the  chapter,  ? 

;The  basic  dimensions  of  the  unscreened  cables  are  presented 

f 

in  Table,  3-3.1.  I 

} 

I  The  1949  Standard  sets  forth  strictly  determined  j 

1  -I 

j  shipping  lengths  for  these  cables;  they  must  be  425  m 
multiples  thereof  (850m,  1275m)  in  length.  j 


Fig.  3-11.  Type  TB3B  composite  communica¬ 
tions  cable. 

1 --outer  covering;  2 — amor  formed  by  two 
iron  strips;  3 — bedding;  4 — lead  sheath; 

5 — paper-tape  winding;  6 — unscreened-  quadsj 
7 — screened  pairs. 

|  Composite  lo;?-frequency  cables  are  used  for  Inter 

lurban  telephone,  telegraph,  f ac slmi le ,  and  ! n  A£_r.tolruoaj 
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|  even  broadcast  (music)  transmissions*  j 

I  Cables  of  this  type  .are  unified  under  a  common  Stan-J 

j  (lard  (ST-5-4) ,  which  ol»»slfleB  them  Into  1-  and  8-layer  j 

types  and  provides  for  all  possible  .combinations  of  the  -  | 

,  normal  elements.  | 

!  i 

Single -layer  cables  are  composed  either  of  screened j 
pairs  with  conductors  of  i^afcd  1.4~nm  wire  In  combin&tiorj 
I  with  reinforced  aextuplets  of  equal  diameter  with  conduc-  j 
;  tom  made  from  wire  0.8mm  in  diameter,  or  of  screened  pairs 
witn  conductors  0.9mm  in  diameter  in  combination  with  re-  ) 

deforced  quads  of  equal  diameter  with  conductors  of  o.S-mj 
wire,  | 

1 

Here  comoinations  of  3,  4,  and  7  such  elements  can  I 
be  made  up.  A1  combinations  that  have  found  practical  use  I 
reduce  to  the  twelve  basic  types  of  cables  listed  in  Table | 

J“12*  Representations  of  these  appear  in  figs,.  3-11  and  j 

.  ...  r 

3-12.  The  design  of  these  cables  is'  distinguished  by  the 
fa^t  that  in  them,  individual  conductors  made  of  wires  of 


different  diameters  are  combined  into  elements  of  approxi-j 
mately  equal  strength.  This  excludes  the  possibility  of  J 
non  symnietri cal  distribution  of  mechanical  stresses,  which  j 
can  result  in  breakage  of  the  conductors  at. bends  and  es-  j 
peclally  during  laying  of  the  cable.  | 

Two-layer  composite  cables  contain  screened  pairs 
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Kith  wire  diameter  a  of  Q.$,  •‘-•'■^  or  rmu  ia  their 

central  (first)  layer,  and  spiral  fours  or  pairs  with  wire 
I  diameters  of  0.7,  0.8,  and  0.9  mm  in  the  outer  layer.  All 
1  possible  useful  group-formations  are  shown  in  Table  3-1.% 

i  " 


f  f  f  s  g 

/  I 
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Fig.  3-1 2.  Type  TOSP  composite  communi¬ 
cations  cable. 

i _ rtUter  lute  covering;  2 — amor  of  flat 

i  steefbrhV-Jut.  bedding;  4-lead  sheath; 

5 — paper  winding;  6-- various  elements  l&i° 
up  into  cable. 

I  The  thicknesses  of  the  lead  sheaths  ann  prott-Colve 

j  coverings  are  listed  at  the  end  of  the  chapter. 

J  High-frequency  cables  (for  the  Id-channel  *->v st~m, 

|  differ  little  in  structure  from  the  low-frequency  types 
|  described  above.  However,  they  are  prepared  from  more 
|  stable  elements  in  order  to  obtain  improved  electrical 
1  parameters.  For  this  purpose,  the  conductors  of  these 
j cables  are  insulated  with  packthread  with  a  shorter  lay 
(and  by  two  layers  of  paper  tape;  in  addition,  such  techno 
1  logical  measures  as  special  selection  of  the  packthread. 


|  the  use  of  paper  with  the  highest  possible  air  permeabill 
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Table  3-13 
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IX 2  9Kp.X0»9 
1X2  9«p,Xl,0 
1X2  a«p.Xl,2 
1X2  stcp.XM 

2X2  SKp.xO»9  12  21  11  21,5!  H  22  11  29  |  13  |20,5  13  |21 

2X2  »«p.Xl,0  14  23  13  23, 5^  13  24  16  22,5  15  23  '  15  23,5 

2X2  SKp.XI»2  15  24,5  14  25  14  25,5  17  24  16  24,5  16  25 

2X2  SKp.XM  1-5  25,5  15  26  14  26,5  18  25  17  25,5  16  26 

3X2  8Kp.XC,9  12  21,5  12  22  12  23,5  14  21  14  21,5  13  22 

3X2  SKp.X‘1,0  14  24  14  24,5  13  25  17  23,5  16  24  15  24,5 

3X2  3Kp.Xl,2  15  25  15  25,5  14  26  17  24,5  17  25  16  25,5 

3X2  SKp.XM  16  1 26  15  27  15  27  18  25,5  IS  26  17  26,5 

4X2  SKp.XO.9  12  21,5  12  22,5  12  23  17  21,5  16  22  15  23 

4X2  SKp.Xl,0  Jo  24,5  14  25  14  25,5  20  24  19  24,5  18  25 

4X2  3Kp.X!,2  16  23,5  15  26  15  26,5  21  25  20  25,0  19  26 

4X2  9Kp.Xls4  |  17  25,5  16  27,5  15  |27,5|  22  |26  21  j26|5j  20  27 

Key  to  Table  3-13  J 
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9  15,5 
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10  17.5 
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1X2X0, 7 

„  1  iX 

n  1  MM 

j  £>, 

n  j  MM 

'  i  D' 

R  j  MM 

, u , 

D, 

MM 

8  ilo  7  15,5  7  16  9  14,5  9  15  9 

9  16,5  8  17  8  17,5  10  15,5  10  16  10 

9  17  9  17,5  9  18  11  16  11  17  10 

9  17,5  9  18  9  18,5  II  Il7  11  17,5  10 


:  1,  ‘TYPES  OP  TWO -LAYER  GABLES 

2»  Number  of  elements  (screened  .pairs)  and  wire  diameter 
of  conductors  in  center,  mm 

3.  Number  of  elements  ( n)  in  external  (second)  layer  and 
!  approximate  diamater  (f)  of  cables  under  lead 

I  sheathing 

4..  n 

|5.  D*  ism 
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(to  lower  the  dielectric  strength) ,  selective  calibration 


|  of  the  wire,  careful  control  and  monitoring  of  the  tension  I 

I 

\  on  the  conductors  during  twisting,  etc.,  are  taken.  In 

|  .  .  | 

|  seme  cases,  paper  packthread  and  tape  are  replaced  by  styrej- 

|  { 

j  flex  materials.  Further,  a  special  packthread  filler  is  | 


i 

|  placed  between-  the  Insulated  conductors  within  the  quads  ; 

|  in  order  to  stabilise  the  complin g  coefficients  of  the  high*- 


frequency  cables. 


* 

•f 


Several  types  of  high-frequency  cables  with  pack-  • 


thread-paper  and  styrofiex  insulation  have  recently  gone  j 

1 


into  production,  .  | 

As  an  example.  Fig.  3-13  shows  a  schematic  representation  j 
of  the  structure  of  a  32-pair  composite  cable  for  the  12-  j 
channel  system  (up  to  60  keps)  of  Type  MKE- 32x2 *  A  single | 
screened  pair  with  enameled  O.S-nan  copper  wire  is  placed  j 
at  the  center  of  this  cable.  In  the  first  layer  (from 
;  the  center)  we  have  three  screened  pairs  with  conductors  j 
of  wire  1.4mm  in  diameter  and  two  reinforced  quads  with 
conductors  of  wire  1.2mm  in  diameter.  The  first  layer  is  j 


separated  from  the  second  by  a  winding  of  four  layers  of 
Type  K-12  cable  paper.  The  second  (outer)  layer,  is  laid 
up  from  twelve  spiral  fours  with  conductors  of  1.2-nan  wire  ! 
and  wound  with  four  layers  of  K-12  cable  paper.  The  cable 
is  leaded  and  armored  by  two  45x0. 5--mm  steel  strips  with 


able  } 
th  j 


ntSM**  ^ •$a«Mtor-$ira«fa  ^XWMI^,Tm*«&  ^W***^* 


Fig*  3-13.  Structure  of  symmetrical  32x2 
cable, 

1 — The  lay  of  the  first  layer  is  4 00mm 
(right  lay).. 

2* — The  lay  of  the  second  layer  is  680hm 
( left  lay) , 

3 —  The  lays  of  the  group  are  indicated,  on 

the  drawing,  ( 

4—  ZH. *  high-frequency  quad. 

5*—  H4.*3 4 5  low-frequency  quad.. 


h 


an  outer  covering  of  impregnated  jute  which  haa  been  eoakeq 
with  a  bitumen  preparation.  The  lead  sheath  is  2.0mm  thici 
The  overall  weight  of  the  cable  is  6270  kg/km. 
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3-3.  FUNDAMENTALS  OF  DESIGN  CALCULATION  FOR 


SVMMF.TR I C AL  CABLE S 


;  The  design  description  that  has  been  adopted  in  our  . 

\  f 

I  * 

|  cable  Industry  consists  of  tv.ro  sections*  the  first  lists  j 
; the  sectional  dimensions  of  all  design  elements  of  the 
I  cable  in  millimeters, • and  the  second  the  outlay  of  produc- 
j  tlon  materials  used  in  their  febri cation,  expressed  in  ‘ 

j  kilograms  per  kilometer  of  cable  length.  The  design  dee-  j 
|  orlption,  which  .is  called  “Design-"  for  short,  is  the  basic  I 


? technical  document  used  as  a  guide  in  the  fabrication,  j 

i  ■! 

/  I 

|  planning  and  accounting  aspects  of  the  cable  industry.  j 

I  I 

{  It  is  similar  in  purpose  to  the  blueprint  used  in  machine  s 

I  ■  .  ! 

j  construction.  The  methodology  of  the  Scientific  Research  ! 
|  Institute  of  the  Cable  Industry  (HIIK'P)  — the  basic  points  j 

1  of  which  regarding  the  design  of  communications  cables  are! 

I  ; 

j  presented  below — Is  used  in  the  development  of  a  cable  pro| 
I  duct,  ; 


General  Specifications  \ 

a)  In  the  calculations,  the  geometrical  dimensions  \ 


j  of  the  component  elements  of  the  cable  are  those  without  j 
i  » 

^ consideration  of  tolerances  (i.e.,  the  nominal  dimensions) \ 

The  outlay  of  all  materials  is  computed  from  theory] 
I  J 

jwi tho u t  confederation  of  tolerances  and  wa§te^„^tS^--llLii3.J 
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'pet*  km  of  cable  (i.e,,  the  net  weight  P) «  j 

f  ■  '  .  i 

(  b)  The  final  weight  data  for  the  outlay  of  materials' 

I  are  indicated  on  the  designs  with,  an  accuracy  to  1,01  kg 

|  ;  .'  .  ■  :  ■  .•  i 

I  for  weights  to  10  kg,  to  0*1.  kg  for  a  weight  of  1  kg,  and  I 

|  .  *  •  '  '  ’  '  '  '  ’  • 

|  to  1  kg  for  weights  above  100  kg,  | 

|  c)  The  specific  weights  adopted  for  the  materials 

lares  •  ■  \ 

I  •.■■■•  .'■■■■  -  .  ,.  '  { 

Copper  8,89  ■ 

Steel  (armoring  band  and  wire)  7*8  ; 

Lead  11.4  f 

Polyvinyl  chloride  plastic  1.32 — 1*52  ■ 

Polyethylene  0.95  ]\ 

Telephone  paper  0.8  j 

Paper  pulp  0*75  ‘  .| 

Paper  packthread  0.85—0.95  j 

Cable  paper  0.83  \ 

d)  The  thicknesses  of  the  lead  sheathings  are  given  I 

in  Tables  3-14,  3-15/3-16,  ahd  3-17*  ■  .  J 

{• 

■  j 

e)  The  bedding  of  armored  cable  consists  of  the  j 

•  f 

:■  following,  applied  in  successions  j 

ij  A  layer  of  binding  compound  (a  bitumen  prepara¬ 
tion)  ,  2)  two  layers  of  previously  impregnated  cable  papery 
3)  a  layer  of  binding  compound,  4)  a  layer  of  previously  -j 

:  ■..•••  •  '  •  F 

!  impregnated  cable  thread  (jute),  5)  a.  layer  of  binding  • 

| 

compound.  ■  j 

[  A  bedding  of  6  layers  of  cable  paper  without  cable  | 

!  thread  Is.  admissible  for  urban  telephone  cables  and  for  I 


j  quadded  communications'  cables  with  packthread-paper 
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| Insulation  (with  the  exception  of  Types  TZK,  TZEK,  end  jj 

cables  for  CTsB) ,  | 

Table  3-1 4 

toAI^HrtB  C8IKH080fi  060.10‘iKI!  ropOJXCKHX  TSBfi^OHHUiX  KSfidlCS 

B  sawiicKftiocTK  ot  /utauerpa  m  wapKM  Ka6eafl  (noctaHosJiftHHe 
fj)  roc?exMHXH  CCCP  to  223  or  2 flV  1918  r.) 
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1h atterp  uadcjia  /g\  ff  TP,  TBF  h  Tn  I  (£)  TK 

noA  CHHRUOIkOft  _.  .JJS?. . -  UpC - —  j - - 

V  I  t  MWH HOWHHCJIb-  j  HOKSIIia^fc* 


Ha  SI,  MM 


,  M  M,  A  na«,  Ms 


ME  3,  MMZ  A  naa»  MP, 


j  r%) 

,  ;io  6 
Ho  8 
Jlo  13 
!  Jlo  16 
!  Jlo  20 
■\  JXo  23 
Ho  26 
Jin  30 
Ho  33 
Jlo  36 
Ho  40 
Ho  43 
H<>  46 
Ho  50 
Ho  53 
Ho  56 
®1,‘>  60 
I'  Cumin  e  *  0 


I  1  *  i  «>  : 

1,0 

1,15  | 

— 

i  1,25  ! 

1.0 

!  1  *  15 

— - 

;  i,4  i 

1,1 

1,25  | 

1,8 

!  1,5 

1,2 

1.4 

1 ,8 

i  i  ,6 

1,3 

1,5  ; 

1.9 

i  1 ,7  ! 

1,3 

1,5 

2,0 

;  i,8 

1 ,4 

1,6 

2,0 

!,>■*•> 

1,5 

1,7 

2,1 

2,05 

1 ,6 

1,8 

2,1 

■:  2,15  ; 

1.6 

;  i,8 

2,2 

*  2,3 

1,8 

!  2,05  • 

2,2 

|  2,4 

1,3 

2,05 

2.3 

!  o  = 

1.4 

2,15 

2,4 

!  2,6 

2,0 

2,3 

2,5 

!  2,7 

2,0 

2,3 

2,5 

2,8  1 

2,1 

2,4 

2.6 

,  *>,0 

*>  ■? 

i  2,5 

2,7 

i  3,0 

2,3 

!  2,6 

2,8 

2,05 

2,05 

2,15 

2,3 

2.3 
o  4 

2.4 

2.5 

2.5 

2.6 

2.7 

2.8 
2,8 
2,0 
3,0 
3,1 


1.  THICKNESS  OP  LEAD  SHEATHS  OP  URBAN  TELEPHONE  CABLES  AS  f 
A  FUNCTION  OF  THE  DIAMETER  AND  TYPE  OF  THE  CABLE  (SET 
FORTH  BY  OOSTEKHNIKA  USSR  Mo.  326  of  2  April.  1948). 

2.  Diameter  of  cable  under  lead  sheathing,  mm  - ! 

3.  Thickness  of  lead  sheathing  of  cable  of  Type  [see  4,5*6!  I- 

4  *  TO  ! 

5.  TA,  TB,  TBS,  and  TP  ! 

6.  TK 

7.  Minimum,  mm 

8.  Nominal,  mm  \ 

10  TAboye  •  | 


4-0 


*.  .Jtwa  rm9^<0*iwsuwM‘ »ft awBffnsaair!!^^  ’w 


>  i 

J .  ..  - .  ...  Table  3-16  [ 

[r3g.p1*  CBmtsioBofi  «6oiiowK  KopejifcHMX  |TOCT  SdOMI 

"(jp)  ?«A«UMMIAS  TO«1tttKMA  CBBKBOBOft  06(iJ»0«iXM  &  MM  3U8  K3«Cjieft 

^  {  CpomfpofcawPNX  wt(jpi  ""  1^7  5pcanp3»arfa«a 

'AmSMCT?  Ka«CJ»«  !  JtCSHWMM  fleHT*K*f  H.'.H  rojSWX  OC8BBB0MBRUZ  Kpyr*t**H  CTMMKttl 
nojt  c^HHUMsrft  '  JttJ^cKHWsi  npoaowaniit  npoiMS ioksiik 


non  ciUHmwb  '  }m*ckhim  npQatumKaMfc 

I™  "  'j~ - — ~ ; - i™ — — 1 - - 

j  MfiltHKMb*  I  j  |  KGtttfH* Jib- 

i  m“® 


apHfr»*a.i»  -  j  mumaxh 


L34 


}\Cup 

Csbtiiic  13  no  16 
f#  .  16  .  20 

•"  .  20  .  23 

.  23  .  26 

'  .  26  .  30 

-  30  .  33 

r  33  *  36 


1.4 

1.5 

1 .6 
U? 
US 
1,95 
2,05 
2,15 

2.3 

2.4 


1.5 

1 .6 

1.7 

1.8 
1,8 
2,05 
2,05 
2,15 
2,3 

2.3 

2.4 


1.  THICKNESS  OF  LEAD  SHIELDING  ON  PACKTHREAD  CABLES 
(COST  5008-49} 

2.  Diameter  of  cable  under  lead  sheathing,  oar* 

3«  Radial  thickness  of  lead  sheath  in  mm  for  cables 
[as  follows}  t 

4*  Armored  with  iron  band  or  flat  wire 
5«  Bare  lead -covered 

6,  Armored  with  round  steel  wire 

7.  Minimum 
o*  Nominal 


2,05 

2,05 

2,15 

2^ 

5,1>? 

2«J> 

2,4 
2,4 
2,5 
2.5 
2,6 
2,7 
2,8 
2,8 
2,9  - 
3,0 


10,  Above  (from) 


-•wav* 


•*^  f  ■  •>*- 


.*■*  f  "  '#>• 


-£■*!>'►,  ?.-*♦—■  r  V?.‘:  ■»,  -, 


»a  •  "Vy«r*t*  ■  t  '*fw»r-  -*■■,■***  '  v  f wv* 


Table  3 


16 


I  0§;>ia'*KR  KSdfJlff  *JSJ|  CHrH?JH3«R»K  M 

focTe£HKK«  CCCP  /ft  32  i  ©t  2/V'H  19*8  r.) 

|  {£>  Toju.uk*?  ofojsc^KK  AJi.-s  K..6<v:eft  ttucait,  j»j« 

I  v<  BMri-,  itt.-,..  ^V^.,1  . .  >||,  f  fi~tiiTi i r-„  r~U-r  —  i  njMfflr.1 

(nmuKH#  k  afcM  no*  cbmh-  “j  CC&fCcBfT]  7>1  r/vT 

I  aosot  o5mo^ko^,  ^  cut,  ivQA  i  con^on r  wJ  ^ok 


Ao  13 
/J,o  16 
flo  20 
/to  23 


0.9 

1  *0 
1,1 
1.2 


1,05 

1,15 

1.25 

1.4 


1.2 

1.3 

1.4 

1 .5 


1.4 

1.5 

1.6 
1,/ 


I  ■  i 

'  1.  THICKNESSES  OF  LEAD  SHEATHING  ON  CABLE  FOR* HOLDING  AMD  j 
|  Siam, IMG  (AS  SET  FORTH  BY  GOSTEKMIKA  USSR  Mo,  323  of  j 
I  2  April  1948)  j 

2,  Diameter  of  cable  under  lead  sheathing,  rum  \ 

3.  Thickness  of  sheathing  for  cable  of  Types  as  follows, mm? 

i  4.  SOG,  SOA  I 

f  5.  SOB,  SCBG,  SOP,  SOPG 
j  6»  SOK 
|  7.  Minimum 
■  8,  Nominal 
|  9,  To 


The  thickness  of  the  covering  and  the  nature  of  the) 

i  j 

j  armor  on  various  types  of  cables  are  indicated  in  Tables 

i  j 

I  3-18,  3-19  and  3-20.  1 

j  \ 

■  The  thickness  of  the  cable-paper  bedding  is  taken  i 

I  | 

S  as  2mm  for  all  cable  sizes.  The  outer  covering  of  armored! 


i 

s 

\  - 


\  cables  of  all  types  is  formed  by  successively  applied 
layers  as  follows:  binding  compound,  preimnregnated  thread | 
binding  compound,  and  chalk  solution. 


t  •  ■■  X,  v-v, A; 


Jj*|!«»nr.-v-.. 


Table  3-17 


^MMEHMajlt.Mf.8  TGJI  Ilyina 

(J/  C®MHU©®bfX  o6o^©*ieK 
TCJie^oHnux  pacnp@AejiKTe.nh- 
mux  Ka(%JieS  ^Btyc9»3i6*43) 


P?Hmcm  rrap 


MripPHMa.njuHafi'  rojiotmt* 
CSUfNUOlVOft  o6oAOmc«fa 
MM 


1 

i 

0,8 

V* 

;> 

0,8 

10 

0,8 

20 

0,9 

30 

0tM 

40  ■  ■ 

0,9 

50 

0,9 

70 

1 .0 

100 

1,0 

L  1 


3* 


MINIMUM  THICKNESS  OF  LEAD  SHEATHING  ON  TELEPHONE  DIS¬ 
TRIBUTION  CABLES  (jVTUE-316-43)  * 

Number  of  pairs 

Minimum  thickness  of  lead  sheathing,  nun 

Table  3-18 


(P 


3ai,nnTMfc!x  noxpo&cs  ropoacKHx  Tej!e<t>bitft!>ix  Kaftexefl 
’(nocTaKOBjseHHe  rocTexiiHKH  CCCP  M  327) 


pMerp  k86cje«  norepx  csijh- 

ftOBOft  o6o.£0*aKI**  MM 


P 


' 


HoMHHdJtbssafi  Twimima  saiUHTifMX  nmcpoRos*  mm 

i  IS 


Epoffts  m 


rtoAyuika 


cr^nbUhir 


HHKOBaHHWl  CTaJlfc* 
HMX  npOBOAOK' 


rapyrJiMX  i^JMCKini 


MapyiKRM 
turn  pm 


| 

- 

{ 

-  ’  - 

—\zy - - 

Ro  IS  ! 

1,5 

!  2x0,3 

— ~ 

i 

1.5 

Ro  23 

1,5 

1  2X0,5 

1.5 

4 

2,0 

Mo  37  .  | 

2,0 

!  2x0,5 

i  1,5 

4—6  | 

2,0 

Mo  50  i 

2,0 

2X0,5 

1.7 

t> 

2,0 

>50  h  BMme 

2,5 

2X0,8 

1.7 

6 

i 

2,0 

43 
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[Key  to  Table  3-l8:J 


X.  THICKNESS  OF  PROTECTIVE  COVERING  OF  URBAN  TELEPHONE 
CABLES  (SET  FORTH  BY  GOSTEKMNIKA  USSR  No,  327 5 
f  2,  'Diameter  of  cable  over  lead  sheathing,  rran 
I  3.  Nominal  thickness  of  protective  covering,  mm 
|  4.  Bedding 
(  5*  Amor 
|  o»  Outer  covering 
j  7,  Steel  tape 
\  8.  Galvanised  steel  wire 
!  9.  Round 
|  10.  Flat 
!  11.  50  and  higher 


The  outer  covering  of  bare  armored  cables  consists  'j 


|  of  a  layer  of  binding  compound  and  chalk  solution. 


Table  3-19 


TejiiKHKa  aaoiMTHUX  nospcsos  KaOsjicB  gbitsm  c 
(f)  irsoaaii.Hfft  (fOCT  5008-49)  s 


Akamctp  KafieJJ* 


.  13  / 

s^wue  13  ao  23 
23  .  27 
.  37  »  5U 

»  50 


w. 

lloatHHajifcit**  TOilittHBa  Miawrata  noKpoaos 

Ho^ymiL0l.n9  tpom  m 

jSX 

bpOH*  H3 

1 

j 

retb 

MOCK&X 

nps^BOJSOK 
*  ' 

(§ 

^ncpyriiwx 

npomacK 

'TiraAfePW* 

JICflT 

J 

nuaPKOpaB 

£»***.”» 
GhfxovKH*  j 

m*%  cta^b*  | 

OSOJKiK 

1 ,5 

V 

2X0,3 

I 

j 

_  i 

j 

1 ,5 

o 

2XU  *5 

1,5 

4  * 

2 

2 

2X«»,5 

1,5 

4  ! 

2 

2.5 

2X0,3 

3.7 

b  ( 

6  1 

2,5 

2»5 

2X0,8 

1*7 

nOKOC-B 


1,5 

1,5 

2 

2 

2  ' 


1 .  THICKNESS  OF  PROTECTIVE  COVERINGS  OF  COMMUNICATIONS  ! 

S  CABLES  WITH  PACKTHREAB/PA.PSR  INSULATION  (GOST  5008-49)  \ 
1  IN  mm  .  i 
j 2,  Diameter  of  cable  over  lead  sheathing,  mm  | 
i  -3,  Nominal. — — — * 


44 


Bedding  for?  armor  of 
Armor  of 
Outer  covering 
Tape  and  flat  wire 
Round  wire 
Steel  tape 

Calva.nl ised  steel  wire 
.  Flat 
.  Round 
,  To 
,  From 


Table  3-20 


UtMMevp  Ks6e4«  noscpx 
cMtunoRoft  odk>J»o«iK8,  mm 


«IW8«B$iP0 


^lOtatRtaMC*  pMBMMM  TOJURKHI  SMICTHHI  JWHCpOBO*.  ** 

7>-,  i-WZ^'^irrirr^)  : 

<  *3  /  f7"\  I  CJMfc*WJ.  061M8SKOF8S8-  {'}' 

'■-*£'  (m)  Pf)  Mux  hpoBoxoK  -  Hapyutow: 

HrjiyaiKa  ^  Mgpe - r~“; - -  KOJtpoa 

CTaJI&KHX  «C!*T,  (J|N  V%) 

j  ]  Hjiocxks:  f-^Kpvr4NX  ■ 


(to 

Up  13^  g) 
CjijMKie  13  jfb  23 
(lA  23  m  37 


2  X  0,3 
2  X  0,5 
2  X  0,5 


1,5  :■! 
1,5  I 


I.  THICKNESSES  OF  PROTECTIVE  COVERINGS  OF  SIGNALING  AND 
HOLDING  CABLES  (GOST  985-47} 

2*  Diameter  of  cable  .over  lead  sheathing,  up 

3.  Nominal  radial  thlcknees  of  protective  covering,  ram 

4,  Aimacr  of 
3-  Bedding 

6.  Steel  tape  . 

Galvanised  steel  wire 

8,  Flat 

9,  Round 

10,  Outer  covering 

II,  To  13 

12,  From  13  to  23 


•MW fX-i, 


crar. „■„**■#*  ’*■»•  •**'■’  ■ 


B.  THE  ELECTRICAL  PARAMETERS  OF  CABLES  AND 
THEIR  C ALCULATI 0 KT 

3-4.  Resistance  of  symmetrical  circuits. 


In  its  general  for*,  the  resistance  of  a  cable  eir-  > 


? cult  consists  of  the  reel  stance  to  direct  current  and 

i 

|  an  additional  resistance  governed  by  the  passage  of  an 
(  alternating  current  through  the  circuit. 

|  R = /?,  -4  /? ... 


» 

;V 

I 


The  resistance  to  direct  current  depends  on  the  mat-. 

J-  l 

( 

erial  and  diameter  of  the  conductor.  The  current -ccnduc-  •! 

i 

i 

ting  properties  of  the  material  are  conventionally  expressed 
in  terns  of  its  specific  electrical  resistance  p,  which 
characterizes  the  resistance,  expressed  in  ohms,  of  a  j 

o  i 

conductor  1  iu  long  with  a  sectional  area  of  1  mm'.  ; 

The  reciprocal  of  the  specific  resistance, is  called  j 

9 

*  X  * 

the  specific  conductance  (conductivity)  Y }  Ys  The  | 
values  of  ^  and  therefore  of  |  are  standardized  for  20  C.  j 
The  resistance  of  a  conductor  is  determined,  from  | 
the  formula  I 


rc 


0 


where  1  is  the  length  of  the  conductor  in  ra; 


2. 


q  is  the  section  of  the  conductor  in  mm 
Or,  t  or  1  km,  /?0  =  p  ~  =  p  =  p  fo.hms/toj . 


4 


isfcattwaA*  ^■r-i& 


The  specific-resistance  values  for  certain  conductor^ 


1  materials  are  presented  in  Table ' 3-21. 


Table  3 


(jP>  Ochobhmo  caofkraa  MeiaiJios 


d> 


.  .  . ' . 
|£>Aj!gGMHHt*&  . 
®Cranh  .  .  . 


npormnenui- 
cmpjfSTta  !  om.mm* 

*  1  c*  — - 


0,0175 

0,291 

0,i39 


3) . . ™i 

rtpf.HO^MMOCTU* 

If*  MM* 

\(S>  ~ 

i  TcMsurrarv^- 

j  UStCMT  \j*{\ 

yiC.ISHUft  1 

« 

57 

i 

0,004 

8,9 

3 ‘1,56  I 

0,0043 

2,55 : 

7,23  | 

i  0,005 

7,9 

1>  BASIC  PROPERTIES  OP  METALS 
2.  Material  ' 

3-  Specific  resistance  ^  t  ohms -mm  /m 

4;  Specific  conductance  *jjf,  ohm-m/ram^ 

3-  Temperature  coefficient  fif*  °C"i  ■ 

6.  Specific  gravity  g,  g/cm^ 

7-  Copper 

8.  Aluminum  ■  • 

9»  Steel 

When  we  use  the  listed  values  of  ^  for  copper  and 
aluminum.,  the  formulas  for  calculation  of  the  d-c  resis¬ 
tance  'of  a  two-conductor  cable  circuit  takas  the  form 
(for  copper  conductors) 

/?0=2p.*~  [ohms Am]? 

(for  aluminum  conductors) 


n  _ 

*\A - 


foYsas/im} 


Copper,  which  possesses  superior*  electrical  con- 


i  mrw .ayMgufWft  m- *KK*'  "J *4*  1  •*** 

j  f 

(  ductivity,  ig  used  mofct  widely  In  cable  technology.  i 

j 

f  ■ The  use  of  aluminum  involves  an  increase  In  the  \ 

|  sectional  area  of  the  conductors  by  a  factor  of  spproxlm-  ; 

i 

\  ately  1.65,  and  this,  in  turn,,  increases  the  bulk  of  the  [ 

f  .  I 

j  cable  and,  consequently,  the  outlay  of  lead  and  other  pro- I 

|  tective  armoring  materials,  ’ 

f  j 

|  Table  3-22  presents  the  conductor  diameters  of  j 

\  i 

f  copper  and  aluminum  cable  circuits  having  equivalent  basic! 

|  J 

I  electrical  properties,  | 

Table  3-22  | 

|  CONDUCTOR  DIAMdTRRS  OF  EQUIV-  j 

!  ALENT  COPPER  AND  ALUMINUM  CABLE  j 

CIRCUITS  | 


Diameter  of 

copper 

Corresponding  diameter 

/ 

j 

Conductors, 

mm 

of  Aluminum  Conductors, 

ram! 

0.9 

1,15 

1 

f 

J 

1,2 

1 ,55 

{ 

i  .4 

i  ,80 

a 

? 

l  Due  to  the  twist,  the  true  length  of  the  conductors! 

I 

j  is  always  greater  than  the  length  of  the  cable;  this  leadsj 
to  an  increase  in  the  resistance  of  the  circuit.  The  j 

’  i 

increase  in  conductor  resistance  due  to  the  twist  is  pre-  { 
sented  in  Table  3-23  as  standardized  by  MKK.  j 

The  resistance  R  of  the  conductors  is  a  function  off 


*****  *w> 


***»-■• . •  :mw**#m«m safWJ.'Siwapafe^ 

temperature,  and  increases  with  it. 


:WWWW2S -^^>.**tJter 


The  resistance  of  a  cable  circuit  at  a  temperature 

Table  3-23 

INCREASE  IN  CONDUCTOR  RESISTANCE 
AS  A  RESULT  OP  TWISTING 


Diameter  of  layer,  mm 


Increase,  $ 


r  ■  "  ■  '  . .  " . _  ■  I 

nrm*^  i  irrrrjtTi  *<l“<T<*T.M(Tfrrrtff>'>'  '&*&***&*>■!  & 

JX 0,30 

! 

30-40 

1,5  :: 

40 — -50 

2,5  i 

50—60 

■  .  3,7  ; 

OO—70 

!  5,0  ; 

.  70— -80 

!  .  7.0 

!  other  than  20°C  is  determined  from  the  formula 


(3-3) 

20°Cj 


Rt  =  [1  +  a  {t  20)3  [o*iu lsv  ^.1J  , 

where  Rg^is  the  resistance  of  the  circuit  at  t 

&  is  the  temperature  coefficient!  1 

"  i 

i 

t  is  the  temperature  In  question,  ’  j 

Values  of  the  temperature  coefficient' d£  are  listed  | 

in  Table  3-21.  j 

I 

The  additional  resistance  of  the  conductors  R**  that  j 

•  ,  l 

*  -  S 

appears  on  passage  of  an  alternating  current  through  them  I 

|  "  ■  '  ■ 

|  results  from  the  creation  of  alternating  electromagnetic  j 

I  fields  and  the  eddy  currents  to  which  they  give  rise  in  j 

r  .  .  ? 

I 

the  conductors  and  in  the  other  metallic  parts  of  the  cabl4 

I 

surrounding  the  transmission  circuit.  f 


•flfi  '-TVMx.  -=1 


i  ‘<Wv>  •  ✓,  fk  .an,'  i * 


,r  .m^rf  .VV'*’?1  WV**<  ,  X/iV.J 


'When  an  alternating  magnetic  field  acts  on  a  conducting  j 

f  1 

\  body,  an  induction  ewf  arises  in  this  conouetor  and  creates 

t 

| 

|  parasitic  (eddy)  currents. 

|  '  The  eddy  currents  form  closed,  loops  in  the  interior  \ 

i  of  the  motel  about  the  lines  of  force  of  the  alternating 
|  magnetic  field,  According  to  Lenz’s  law,  the  direction  of 
|  these  currents  is  opposed  to  that  of  the  magnetic  field  , 

t  ■ 

i  which  induces  them,  < 

i  * 

As  the  magnetic  field  K  rises, the  direction  of  the  ’ 

|  eddy  currents  formed  about  the  lines  of  ’force  is  given  by  ; 
the  left-hand  rule*  and  these  currents  create,  in  turn,  a  :j 
magiie-ti c  field  Kv>t  [H9adJ.Msuwentl  *-*>1*1.  i»  »FPO«*«  to  ; 
l  the  basic  magnetic  field. 

!  '  ; 

[  As  the  magnetic  field  H  falls -off,  the  direction  s 

!  i 

|  of  the  eddy  currents  Is  given  by  the  right-hand,  rule  j 

j  I 

1  J. "coincides  with  the  motion  of  the  corkscrew  nandle" j  and  ; 

\  \ 

i  the  magnetic  field  H.  +.  which  they  create  tends  to  support ; 

§  \  »  v  ' 

P 

|  the  basic  magnetic  field.  ■ 

!  j 

|  In  our  case  it  is  sufficient  to  consider  the  action! 

\  i 

|  of  the  eddy  currents  for  the  rising  field  alone,  since  the 5 

f  I 

declining  field  is  subject  to  the  same  laws. 

<  i 

1  The  effect  of  the  eddy  currents  is  proportional  to  , 

I  I 

the  frequency  of  the-  current  being  transmitted,  and  also  j 

|  tmu\  | 

*nio  opposite  to  the  direction  of  the  corkscrew  handle  *'  ) 


'  •  - - ..  _  . 

j  0  tne  COnduotlrtty  '4  the  magnetic  permeability  « 

|  of  the  metal  of  the  conductor.  ' 

Quantitatively,  these  currents  are  expressed  by  tht 


I  equation 


/45° 


;  «^/*==K>w.--^+y^=r|*j/ 

i  Mere  the  absolute  magnitude  |k|  of  the  eddy-current  factor, 
j  characterises  the  loss  of  energy  In  the  Interior  of  the  i 

•j  *tt4  lJie.  ^  arlgle  Indicates  the  phase  shift  of  the  J 

j  current  In  passage  through  the  motal.  j 

AS  we  know,  the  eddy  currents  cause  a  mss  of  energy 


|  ir  Mating  the  conductor,  this  is  offset  at  the  expense  of] 
J  trofiiagnetlc  energy  transmitted  through  the  circuit j 

jThe  eddy-current  energy  loss  Is  determined  by  the  expres-  ! 
j  sion  '  j 

!  ^  v.t  ,|y*t  “  eddy  current}  j 

-n.r.  x  is  the  current  passing  through  the  transmission  j 

•  circuit:  ! 

! 

lB  th®  l0S3  I’SElatanoe.  which  governs  the  increas.] 

in  the  resistance  of  the  circuit,  f 

■  •  -  ■  | 

These  l03ses  oeou*  as  a  result  of  the  fact  that  the  I 
eddy  currents  occasion  a  redistribution  of  the  electro-  I 
magnetic  field  in  the  Interior  of  the  conductor,  l.e„  a  ! 
change  in  the  current  density  over  Its  cross  section.  t 
The  following  three  cases  are  to  be  distinguished  j 

•**V,  a  .  -  ,  ^ 
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In  accordance  with  the  origin  of  the  eddy  currents  and  the ip 

i 

effects^  t 

I*  Eddy  currents  formed  in  the  conductor  due  to  the  j 
internal  magnetic  field  of  the  current  passing  through  it. 

Here  the  line's  of  force  of  the  internal  magnetic 
field,  cutting  across  the  maos  of  the  conductor,  induce 
in  it  eddy  currents  which  are  directed,  in  accordance  with j 
Lena's  law,  in  opposition  to  the  rotation  of  the  corkscrew 
handle  * 

As  shown  in  Fig,  3-1-4,  the  eddy  currents  iy  _  ^  in 
the  center  of  the  wire  are  directed  against  the  basic 
current  flowing  in  the  wire,  while  their  directions  coin¬ 
cide  at  the  periphery.  j 

i 

? 

The  result  of  the  interaction  of  the  eddy  currents  ! 
with  the  basic  current  is  a  redistribution  of  the  current  | 

*  fi 

over  the  section  of  the  conductor  in  such  a  way  that  the  j 
current  density  increases  toward  the  surface  of  the  wire. 

This  phenomenon  bears  the  name  "skin  effect". 

The  skin  effect  is  directly  proportional  to  the 
frequency  of  the  current  and  the  magnetic  permeability  and 
diameter'  of  the  conductor.  It  is  more  strongly  manifested 
In  steel  conductors  than  In  copper  conductors.  The  result 
of  this  effect  Is  that  at  a  sufficiently  high  frequency, 
the  current  flows  only  along  the  peripheral  part  of  the 
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Fig*  3-14*  Skin-effect  phenomenon. 

£lv  *  ■—  eddy  ourrentj 

;  conductoi’1  b  section#  and  this  naturally  cause#  an  increase 
in  it.  resistance  by  an  amount  P.p_e  [h^  effeotJ 


^  .mmi.**?,*.  *•  tv*«  rt-  ..'irr*-,v:>:'i*'--v: rJ  *. .■  ,*•. t-v **> «*•»  a',*^***"-’  w'-’"*'  iww 


.  .  4WKfV*  ■+,***  .  a-?’  <  •■.  -*. 


*  2,  Eddy  currents  appearing  in  on 3  conductor  of  a  f 

i  "  t 

* 

i  * 

two-conductor  circuit  due  to  the  external  magnetic  field 

j 

of  the  current  flowing  in  the  other.  As  will  be  seen  from 
\  Fig.  3-1 5,  the  external  magnet J c  field  of  conductor  a,  in  \ 

,  r 

[  cutting  across  the  mass  of  conductor  fc,  induces  eddy  car-  I 
!  rents  in  the  latter. 

I  ; 

I  At  the  surface  of  conductor  b  which  is  turned,  to-  j 

I  —  s 

i  ward  conductor  a,  the  eddy  currents  coincide  in  direction  \ 

{  ,  v  i 

|  with  the  basic  current  ( I  +  I  flowing  through  it,  whi  Ife 
i  at  the  averted  surface  of  conductor  b  they  are  directed  ; 
f  against  the  oasic  current  (l  -  I  f).  A  similar  rodistri-t 
|  button  of  currents  occurs  in  conductor  a.  .  \ 

I  As  a  result  of  the  interaction  of  the  eddy  currents] 

!  I 

f  with  the  basic  current,  the  current  density  at  the  facing  1 

i  ~  ? 

|  surfaces  of  conductors  a  and  b  increases,  and  that  at  the  j 

[  r 

averted  surfaces  declines.  This  phenomenon  { ''convergence”! 

i  j 

i  of  the  currents  in  the  conductors  a  and  b  toward  one  an- 

I  .  j 

|  other)  bears  the  name  ’'proximity  effect'1. 

i  ! 

|  Here,  just  as  in  the  case  of  the  skin  effect,  only  j 

i  l 

|  part  of  the  sectional  area  of  the  conductors  is  used  as  a  j 

5  I 

result  of  nonuniform  distribution  of  current  density,  and  > 


»  this  increases  the  resistance  of  the  circuit  to  alternating 
current  by  an  amount  Rbl  0^oxlmityl*  J 

|  The  action  of  the  proximity  effect  is  also  directly' 

|  proportional  to  frequency,  magnetic  permeability,  ccnduc-  \ 

I  i 

tivlty,  and  the  diameter  of  the  conductor,  and,  in  addition. 


ri. 


•  '  ■  r-  ^ibr HTi^4SVC\SflWaMS(*irt(»  AMWW.  jwiWW****** 


~  V'’ 


>  ? 

:;  is  heavily  dependent  on  the  distance  between  the  conductor^. 

;  .  ■  i 

As  the  conductors  approach  one  another,  the  proximity  effect 

|  Increases  in  a  square-law  relationship.  j. 

!  :gi  6)  I?  j 

!  !  \  \mi  k  I  I  I  ! 


m 

1  u  1  \ 

/T\  f  » " 


U  V 


(~i~)  (“B 


I  .  Pig.  3-16.  Current -density  dietri-  j 

butiOn  In  pair.  i 

\  •  f 

a — -symmetrical  .transmission?  b — non-  I 

symmetrical,  transmission.  .  h  i 

This  accounts  for  the  fact  that  in  cable  circuits  I 

|  in  which  the  conductors  are  placed  close  together,  the  j 

;  .  i 

!  proximity  effect  exerts  a  strong' influence  on  the  quality  j 

|  of  the  transmission,  while  in  aerial  communications  lines, j 

I  where  the  conductors  are  considerably-  more  remote  from  j 

|  one  another,  it  [.the  effect]  is  usually  disregarded. 

j  It  should  be  noted  that  if  the  currants  in  two  ad-  j 

|  jaeent  conductors  flow  In  the  same  direction,  the  redis-  j 

|  trlbutlon  of  their  densities  due  to  the  interaction  of  j 

their  external  magnetic  fields  results  in  a  displacement  1 

'  I 

1  of  the  currents  toward  the  averted  surfaces  of  the  con-  a 

1  ;  ■  -  - w;  ._|r , 


'-'tivfAi-wtttat.  'Vr*:®*  :|whsk..  *m*m.  .w^ j*«j* »  *-#&■  -  4 
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Fig.  3~X7.  Eddy  currents  in  screen 
and  lead  sheath  of  cable. 


[1„  ...  =  eddy  currer 

v  •  U 


ductors  a  and  b.  | 

Fig.  3-16  shows  the  distribution  of  current  den-  I 

3 

si  ties  in  the  conductors  of  a  symmetrical  circuit  when  '  | 

the  currents  in  conductors  a  and  b  are  coposed  and  when  j 

~  | 

they  flow  in  the  same  direction.  \ 

J 

The  action  of  the  proximity  effect  conforms  to  the  j 
law  of  interaction  of  magnetic  poles,  according  to  which  \ 
like  poles  repel  each  other  and  unlike  poles  attract  each  j 
other.  This  effect  also  results  In  drawing  together  of  j 

I 

opposed  currents  and  divergence  of  currents  flowing  in  the! 

I 

same  direction.  j 

3,  Eddy  currents  set  up  by  an  external  magnetic  \ 

| 

field  in  the  metallic  media  surrounding  the  circuit  under | 

j 

Study.  1 
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The  magnetic  field  created  by  the  currant  flowing  j 
through  the  circuit  .induces  eddy  currents  in  nearby  cor.-  j 
ductors  of  the  cable#  in  the  surrounding  screen b>  the  lead  ; 

‘  *  j 

sheath,  the  armor,  etc,  (Fig. 3-17)  -I 

i 

In  this  case  we  also 'have  a  redistribution  of  cur-  j 

rent  density  over  the  section  of  the  conductors.  Here,  \ 

? 

f 

however,  since  a  whole  series  of  factors  are  in  slmultan-  f 


|  ecus  operation,  the  pattern  of  current -density  distribu¬ 


tion  becomes  extremely  complex,  J 

I 

The  eddy  currents  heat  the  metallic  components  of  ,) 

I 

the  cable  and  causa  significant  additional  thermal  energy  I 

losses;  this, is  expressed,  so  to  speak,  in  a  ” siphoning  | 

..  •  | 

off1  of  a  certain  fraction  of  the  transmitted  energy,  with| 

only  the  metallic  parts  of  the  cable  located  close  to  the  I 

I 

circuit  in  question  having  essential  significance,  '  j 

These  losses  are  also  taken  into  account  as  an  ad-  l 
ditlonal  resistance  R  of  the  cable  'circuit. 


Thus  when  alternating  currents  are  transmitted 
through  a  cable  circuit,  its  total  resistance  will  be  coim 
posed  as.  follows;  ••  ' 

R  =  /?o  *4*  ~r  "f"  Rg*  *4"  •  ■ 

[last  3  terms*  Ralcin*  Rprox^  pvtetal^* 

To  compute  the  resistance  of  the  circuit  taking  the 
skin  and  proximity  effects  in  .  account, . the„ff/llowln^|^r^.„. 
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I  mala  should  be  used. 5 


1, 

r  /  #  v  1 

j  T  J  f  ^  -1-.-  . -  — •*, 

*  *  1  )  X  1  (j  \t 

1  ! 

i  i 

i 

>  u  J 

(3 


^4^ 


|  where  2R,  Is  the  resistance  of  the  circuit 

\  touciirect  current  (the  2  Indicates 

I  that  tho  resistances  of  both  conduc- 

l  tors  of  the  circuit  are  being  con- 

|  sidered); 

I  ;  2 RqF  (Kr)  *Rp.e  C-\klnl  tho  additional,  re- 

|  1  si stance  of  the  circuit  due  to  the 

j  f  d  \2  skin  effect j 

I  /<?<*/•)(“> 

1-2/4 - -r/xi“"bl  fW  18  the  *Mlw<w%i  re,lB- 

j  '  1  —  //<ATr)  {  ~r  )  tance  o  1  the  circuit  due  to  the*  pvox— 

\  \  tl  I  imi.ty  effect  between  the  conductors; 

I 

|  is  the  distance  between  the  centers 

)  of  the  conductors  in  cm: 

If 

1 

I  ds  2r  is  the  diameter  of  the  conductor 

<  in  cm; 

j  p  is  a  factor  taking  into  account 

f  the  typo  of  twist. 


1  Values  of  p  for  the  different  twists  are  given  in  j 

*  * 

j  Pig,  3-18.  i 

l  j 

|  The  functions  P,  G,  and  H  of  the  eddy-current  loss  j 

[factor  KsV^j/i  and  the  radius  r  of  the  conductor  are 

1 

j presented  in  Table  3-24. 


CP 

j 


*»"»*•* 


tW'B*e»i5«niMrt^ r&SjtWritiV-  -*WfcAfc* 


tf 


I  I 

!  ! 

f  o  •  | 

|  ■  Pig.  3-18.  Proximity-effect  losses  for  dif¬ 

ferent  types  of  cable  twist, 

s'  ■  1 — -quadi  2 — double  pair  (actual)  ;  3. — double  i 

quad;  4 — double  pair;  5 — quad  (actual);  6 — pair  j 
I  { 

[  Eddy-current  loss  factors  and  values  of  Kr  for  con-J 


duetors  of  various  types  are  assembled  in  Table  3-25, 

It  follows  from  Table  3-24  that  at  large  values 
of  Kr  (in  the  high-frequency  region) ,  Q  becomes  equal  to 
half  of  P,  and  H  approaches  a  constant  value  of  3/4. 
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mum  m  immmmHm-mmm  -mm  r 

i 

Table  3-24  | 

| 

pp  q>yHKii.KK  F,  G  k  H  A.i«  pasjiiWM&ix  3Ha«ieHK8  /Cr  • 

Kr  F\Kr)  I  <;{  Kr\  j  Hi  Kj)  j  Q<Kt) 


1 

0  ! 

0 

m 

64 

0,0117 

1 

1  * 

1  1 

0,5 

0,000326 

0,000975 

0,042 

0,9993  5 

2,<> 

0,00)19 

0,01519 

0,053 

0,997  : 

1,5 

0,0258 

0,0691 

0,092 

0,987  ; 

2,0 

0,G782 

0,1724 

0,109 

0,961  1 

J*  fib 

0,1756 

0,29) 

0,263 

0,913  J 

3,0 

0,318 

0,405 

0,348 

0,845  j 

3,5  1 

0,492 

o,49S 

0,416 

0,766  l 

4,0 

0,678 

0,584 

0,466  | 

0,686  \ 

4,o 

0,862  | 

0,669 

0,503 

0,016  | 

5,0 

1 ,042  1 

0,755 

0,530 

0,556  j 

7,0  j 

1,743  ! 

1,109 

0,596 

'  0,400  ! 

10,0  | 

2,799  | 

1,641 

0,643 

0,282  | 

I 

>  10,0  i 

t 

Y:2  (Kr)  -  3  ’ 

Y 2  (Kr)  —  1 

0,750 

2  Y  2 

4 

8 

i  Kr 

i 

1.  THE  FUN 

1TI0NS  F,  0,  AND  H  FOR  DIFFERENT  VALUES  OF  Kr  | 

.  f  -  ,  Table  3-25 

j  (%>  j  (ff)  Cra^i,  b^Z,  A-csoMtuwfe  j 

1  1  1  1 

K  —  V  w,«ii(i 

Kr 


0,21  // 

|  o,oios</  Yf 


o,75  y  / 
0,0375 O' 


0,164  0' 

0,082  d  Yf 


rrV'M  B  tbSa.  3-25  ns3MeoHocrt>  aHsyptsa  nooe  os  turn  s  xaaa  b  Mtb]«H2«c‘T0ax! 

2.  Steel  | 

f  3-  Aluminum  1 

4.  Note}  the  conductor  diameters  in  Table  3-25  are  given  j 

in  mm,  i 


The  resistance  R 


•bl 


^Sprox^ 


as  a  function  of  the  disj- 


tance  between  the  conductors  at  f  =  60,000  cps  is  shown  in. 
Pig.  3  19 s  whence  it  follows  that  when  the  distance  a  betwi 
een  the  conductors  ^  4d,  the  proximity  effect  is  very  weakly 


mm** 


60 


Fig.  3-19,  Re-BiBtanc.es  introduced  by  prox¬ 
imity  and  skin  effects  with  various  distances 
between  conductors. 


I — ohms/km*  2— R-ol  (aprox)i  3--Rp>e 


Eilg.  3-20,  Freque¬ 
ncy-dependence  of 
resistance  intro¬ 
duced  by  proximi  ty 
effect  for  differ¬ 
ent  types  of  twist, 

1—  R^l  (Rp^x) 

2 —  ohms /km 

3 —  quad 

4—  double  quad 

5 —  double  pair  ~ 

6—  pair 

7 —  kcpe 


Type  P  is  most  favorable  from  the  standpoint  of  the 


[proximity  effect;  it  is  followed  by  BP,  DZ,  and  finally  Z  I 
|  » 
j (Pig*  3-20)*  The  value  of  is  5  times  larger  in  the 

}  spiral  quad  (z)  than  in  the  pair  (?) .  \ 

\  .  ( 

j  Pig*  3-21  shows  PL  €  and  as  functions  of  -fre-  I 

\  quency  for  a  quadded  cable  with  conductors  having  d  -  l.anci. 

f  ■  ’  \ 

i  The  value  of  is  calculated  for  three  different  dlstan-  \ 

|  ces  between  conductors  (|  =  1,  3*45.,  and  10} .  \ 

\  Z 

[  The  variation  of  the  resistance  as  the  conductor  ? 

I  thickness  increases  from  1*0  to  1.6  mm  at  f  ■-  60,000  cps  ] 
is  shown  in  Pig*  3-22.  It  is  seen  from  this  figure  that  I 

i  | 

as  the  conductor  diameter  increases,  the  d~c  resistance  I 

!  '  .* 

f  Rq  of  the  circuit  drops  sharply,  but  that  a  simultaneous  f 

I  ■  t  | 

j  increase  in  the  resistance  R  takes  place  due  to  the  eddy- I 


f  current  losses 

I  r"n — r - r~ 

)4%F  I 


! 

t _ _______ _ _ 


,Pig*  3-22*Resis- 
tances  of  cables  | 
to  direct  and  alter] 
nating  current  for  j 
various  conductor  j 
diameters.  | 

I 

1— ohms/km  j 

2 —  mm  1 


■ - 1—2— 

L  !  </ 


fA  ks 
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jutmkur** 


1 

I 

f 

i 
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Thus,  when  direct  current  or  low-frequency  current  j 
Ae  transmitted  through  cables ,  enlargement  cf  the  condu-  i 
ctors  dives  a  significant  improvement  in  the  sense  of  in-  . 


j.  I 

\  creasing  the  range  of  communi cation.  In  the  case  of  high--  | 


i  frequency  communications,  however,  eddy-current  losses  r 

\  sharply  reduce  the  effectiveness  of  an  increase  in  cable-  > 

f 

j  conductor  diameter,  and  with  a  given  sectional  area  the  f 

£  f 

i  gain  in  range  and  quality  of  communication  does  not  justifjj 

|  ■  ..  .1 

■)  the  outlay  of  materials  involved  in  enlarging  the  conauc- 

I  tors,  | 

1  This  circumstance  is  one  of  the  reasons  why '  con-duo  - ! 

l  * 

$  j 

j  tors  no  larger  then  1.2 — 1.4mm  in  diameter  are  used  in  j 

|  contemporary  long-range  communications  cables  (conductors  j 
2 ~3nim  in  diameter  had  been  used  previously.)  J 

The  increase  in  the  resistance  of  the  conductors  j 


j  Introduced  by  neighboring  groups,  the  lead  sheathing,  and  r 


|  other  metallic  parts  of  the  cable  into  the  transmission 
circuit  does  not  admit  of  exact  calculation,  since  in 
|  this  case  we  have  a  series  cf  differently-directed  magnet! 
;  field  components  acting  simultaneously,  and  this  results 
in  extreme  complication  of  the  field's  configuration, 
i  Therefore  it  is  customary  to  determine  the  additional  re- 
I  si stance  governed  by  losses  in  the  surrounding  metallic 
|  parts  of  the, cable  by  experimental  means. 


i 

i 

i 

\ 


<  Table  3^25  gives  the  additional  resistances  Rm  I 

Introduced  by  neighboring  groups  and  the  lead  sheathing  j 

|  for  various  cable  designs  at  a  frequency  of  200,000  ops,  \ 
j  ■  Table  3-26  j 

i  .  ...„.£ 

■  "*  J|dada»Btfc*b»oc  ’  coHpowajeirae  RM  *mI»m  n&m  noirepfc 
:  ®  »■  toKcmposoAsiRiax  mm&%  cmcjkhm*  mmzprn  a  ca«»a©»oll 


j  (£)  Ochobbss  nen 


"4mmj^llmpGK  *  Is  noyp  m**fi?0*  ^ypjy*| 


®)  COQpGTHBAeHRe  HOiepfe  B  CMeiiHI  leilCpIH 

I  I  .  0  — “  —“*  |  0  — 

1+6  I  8  7,5  -  —  —  I  1.2  .  1.2 

1+6+12  j  8  7,5  7,5  —  j,2  1,2 

1+6+12+18  8  J, 5  |  7,5  7,5  j  1,2  1*2 

I  I  1  1  *  1 

(id)  6)  CoEpOTHE^eKBe  ncTepi.  s  cbhbboboII  o6oaomce 


jg:x^xj-+ 


i 

l+-6> 

1+6+12 

1+6+12+18 


■ 

■ 

5,7 

_  ■. 

.  i 

i  5  *  5 

JHM. 

0,5 

■  1,7  . 

— 

0  1 ,0 

o  ■- 

,  0  ' 

•  0,7 

|  0  o 

1,0 

. 

0 

0 

0 

ADDITIONAL  RESISTANCE  Rffi  [olms/tej  DUE  TO  LOSSES  IN 

THE  CONDUCTORS  OF  ADJACENT  QUADS  AND  IN  THE  LEAD  SHEATH- 

INC  OF  THE  CABLE.  -  '• 

Number  of  quads  in  cable 

Basic  circuit 

Phantom  circuit 

1st  layer 

2nd  yt 

3rd  w 

-4  th  ^ 

a)  Loss  resistance  in  adjacent  quads 

> ..  Lofls.Tesijs.t’j&n.QS . . . . . .  . tt* 


♦j***:'.'  i'Wr-iW*  '(p-vmiw.wi  . 


:  tw»,nv  .<•  ««*.». 


■*'  »•  .v-  t 


i  Tt  ,f o  1  j  ow b  from  the  table  th&t ,  for  she  taos ,*  P&r u  ^  « 

j  * 

the  lead  eheathlns  Introduces  its  losses  Into  the  circuits  | 


\  Qf  the  o u t o rift o is t  ifiycr t  which  1b  in  iitit^ediate  prox ; rol. ty  to 

i 


it. 


The  additional  Iocs  resistance  is  significantly 


f  higher  in  the  phantom  circuits  than  in  the  baric  circuit 
1  The  value  of  R  for  other  frequencies  f  la  deter- 

S  *:  Hi 

I  .. 

I  mined  from  the  following  empirical  formula: 

i  i 

\R. 


P  1/f  ^ 

'<*  r  260  066  * 


( 3-5) 


f  where  R^j  is  the  tabulated  value  of  che  additional  lesls— 
tance  due  to  ‘Losses  in  the  adjacent  quads  or  lr»  the  lead 

I  j 

|  sheathing  at  f  =  200  cps. 

|  Table  3-27  lists  values  of  the  resistance  of  a 

i  32x2  qu added  cable  with  d  -  1.2  ntm  and  a  :r  4«if  mm  as  a  | 

|  function  of  frequency  over  a  wide  frequency  range.  The  j 

|  same  table  shows  the  relative  values  of  the  various  comp-  j 

I  \ 

J  onents  R  ,  R  , ,  and  R  in  the  total  resistance  of  the  | 

v.k.  c-  p„e»  hi/  m  i 


cable. 


It  Is  clear  from  the  table  that  at  f  =  00 , 000  eye  x os , 


j  the  skin  effect  increases  the  resistance  of  trie  circuit 
S  by  31#,  and  the  proximity  effect  raises  it  by  17#.  On 
|  the  whole,  the  resistance  of  the  cable  circuit  to  axter- 
|  nsiting  current  1b  3.* 62  tlnies  Its  resistance  to  direct 


<'•**■*  vj$ 


current*  j 

|  At  the  frequency  f  =  108*000  cps«  the  resistance  * 

•  to  alternating  current  is  somewhat  more  than  twice  as  large 
t  as  the  resistance  to  direct  current.  1 

5  1 

!  Table  3-2?  j 

I  (PAkthsho,©  conpoTKBJiehKe  Katie'jia  ssesAKoft  .  CKpy tkh 


R&*  R oSut ' 

OMiKM  OMjKM 


31 ,79 

33,25 

35,53 

37,7 

41,57 

44,9! 

48,89 

51.6 
56,37 
50,93 
63,3  ' 

66.7 
68,83 


OMiKM 


0,0083 

0,133 

0,815! 

1,811 

3,7j 

5.55! 

8.21 

10| 

13.6 
16,2 

18.7 
21,2 
22,9 


),010i 

0,161 

0,908 

1,735 

2 

Af  JJ,  l/jW 

8,95 

4,84 

5,44 

6,14 

6,76 

7,3 

7,9 

8,2! 


TZ7“ 

OMiKM 

— 

Ra  B  % 

OT  Ro§Ui 

Ritt*  % 

or  Ro5=a 

if 

— tfop~ 

j  %7'»% 

£«~S  % 

OT  Rc6ui 

0 ,17 

99,45 

0,026 

0,023 

0,5 

1,38 

95,2 

0*4 

0948 

4,1 

2,21 

■  89 

2,2 

2,5 

6,3 

t  OQ* 

8  i  *  83 

:  4,8  | 

4,6 

6,77 

3,32 

76,2 

!  8,9 

7,1 

7M 

3.81 

70.4 

12,3  ! 

8,8  . 

8,5 

4,25 

64,7 

16,7  ! 

9,9  | 

,  8,7 

4,6 

61,2 

19,4  I 

10,5  , 

8.9 

5,03  ! 

0  3 

24,15  ' 

10,9  ) 

8,95 

5,37 

52,8 

27 

11,14 

8,97 

5,7 

50 

.29,5  , 

11,5 

9 

6,0  1 

47,4 

31,8  1 

11,8 

9 

6,15 

46,0 

33,2  ‘ 

11,9  j 

9 

8,9 

RESISTANCE  OP  QUAD  CABLE  WITH  1.2-mra 
fj  kilocycles 
P.q»  ohms  /km 

ohms  Am 

R  ,  oteB/km  [skin  effect] 

Rf I  ohms/km  [proximity  effect] 

RL7  ohms/km  [metal  losses] 

R0  as  percentage  of  Rtotal 

Rn  as  percentage  of  .  .. 

R-i'  as  percentage  of  Rtotal 
R^  as  percentage  of  RtotJ1 


CONDUCTOR  DIAMETER- 


•mwvvz-. 
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1 


f 

I 

’3-5,  TI-IE  INDUCTANCE  OP  SYMMETRICAL  | 

CIRCUITS  ; 

According  to  the  lew  of  electromagnetic  Induction, 
any  change  in  the  magnetic  flux  linked  with  any  circuit 
induces  a  voltage  in  the  latter.  Here  It  is  of  no  con¬ 
sequence  whether  the  magnetic  flux  is  set  up  by  a  current 
in  some "nearby  circuit  or  in  the  subject  circuit  itself. 

In  the  former  case,  when  the  Induced  voltage  is 
created  by  the  alternating  magnetic  flux  of  a  neighboring 
circuit,  this  effect  bears  the  name  mutual  induction. 

The  nfatual- -induction  coefficient  is  expressed  by 
the  relationship 


M 


r 

1 


>  * 


1 

where#-  Is  the  magnetic  flux  created  by  the  current  flow- 

d  l 

ing  in  the  adjacent  circuit,  and  Ij  Is  the  current  in  the  j 

circuit  under  consideration.  i 

\ 

Self-induction  is  the  phenomenon  of  Induced  voltage! 
due  to  the  variation  of  the  conductor’s  own  magnetic  fleldj 
Self-induction  may  be  represented  physically  as  follows*  •[ 

I 

The  alternating  current  flowing' through  the  circuit  j 

creates  a  magnetic  flux  of  changing  direction.  In  turn,  j 

I 

the  magnetic  lines  of  force  of  this  flux  cross  the  cir¬ 
cuit  of  the  current  which  has  created  them  and  give  rise 
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|  to  the,  lnd.ucedT-volte.ge  effect  in  this  circuit. 

{  ’  Numerically,  the  self -inductance  coefficient  (or 

inductance)  is  expressed  as  the  ratio  of  the;,  magnetic  riux  , 
1  | 
I  to  the  current  creating  its 


f  5 

I  rjjhe  inductance  of  a  cable  line  is  quite  analogous  j 

in  nature  to  the. inductance  of  a  solenoid,  out  instead  of  j 

many  small  turns  we  deal  here  with,  only  a.  single  .targe  | 

turn  (the  cable  circuit)*  j 

The  inductance  L  is  characterized  by  the  shape,  di-l 
J  men si on s,  material,  and  arrangement  of  the  conductors  and  | 
j  is  measured  as  the  flux  of  magnetic  induction  flowing  ac-  j 
ross  a  contour  bounded  by  the  conductors  of  the  circuit,  j 
I  The  circuit  inductance  consists  of  two  parts,  the  j 

|  external  inductance  and  the  internal  .inductances.  j 

£  =  £}  ;  :  I 

The  external  inductance  Lx  Is  governed  by  the  ex-'  j 

;  ternal  magnetic  field  (that  outside  the  ''Conductors)  and  j 
I  .:  j 

I  is  determined  as  the  ratio  of  the  external  magnetic  flux  j 

j  to  the  current  flowing  in  the  circuit, 

| 

I  The  internal  inductance  Lp  Is  defined  as  the  ratio 

of  the  internal  magnetic  flux  (the  flux  in  the  Interior  of 
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‘  vr*nr- ' 


f  the  conductors  themselves)  to  the  current  flowing  In  the 

I 

j  circuit. 


|  The  Inductance  of  two-conductor  cable  circuits  is 

t  !' 

( 

|  computed  by  the  formula  1 

j  j £  =  £,  +  £,=  [4  In  ?™f  <?(*»]•  10"*g^^e3^’p-5)  I 

I  '  '  t  ’ 

f  where  <&  is  the  distance  between  the  centers  of  the  con- 
! 

ductors.?  ; 

j 

i  d  is  the  diameter  of  the  conductor. 


i(Kr)  1 3  a  function  that  depends  on  the  eddy -currsn 


|  factor*  K  « ^fi\  and  the  radius  r  of  the  conductor. 

Values  of  Q,(Kr)  are  listed  in  Table  3-24,  1 

It  is  seen  fron  the  formula  that  the  external  in-  j 

ductance  depends  on  the  radius  of  the  conductors  end  the  j 

f 

distance  between  them.  j 

!  | 

j  The  internal  inductance  is  governed  by  the  proper—  j 

\  2 

I  ties  of  the  cable  conductor  itself  (i*,  ivPt )  and  the  j 

i  .  i 

frequency  of  the  transmitted  current.  j 

Table  3-28  shows  inductance  as  a  function  of  fre-  | 


queney. 


! 
r 

i 

As  the  frequency  of  the  transmitted  current  is  in-  ; 


|  creased,  the  total  inductance  of  the  circuit  drops  as  a 

t  • 

[  result  of  the  drop  in.  internal  inductance.  This  is  ac-  1 

l 

|  counted  for  by  the  fact  that  as  the  frequency  rises,  the  \ 

I  | 

w/mrmiu#- 
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|  akin,  effect  draws  the  current  to  the  conductors’  surfaces 

( The  magnetic  flux  Is  redistributed  accordingly  (there  is 

|  ... 

|  none  In  the  center  of  the  wire)  and  this  results  in  a  re~ 

|  duction  in  the  internal  inductance  of  the  circuit, 

j 

i  Analytically,  the  frequency -dependence  of  inducta- 


j  nee  Is  governed  by  the  variation  of  the  function  Q( Kr ) , 

\  ■  ' 

I  which >  as  follows  from  Table  3-24,  is  unity  for  direct 
i  current  and  tends  to  zero  with,  increasing  frequency* 
f  Table  3-28 


fsSMTOTHISI  SaBHCBHOCfb  HM.HyKTMMOCTB  KaOeiB,  B»eK«|W6 
1  d  L2  mm  it  «“4J4 


ft 

Kr 

. 

'  Q  (Kr) 

Mini  PCM 

MmjKM 

w 

‘■'o6sn>  •***/• 

0,8 

■  0 , 356 

1,0 

0,102 

0,722 

0,824 

5 

G,89 

0,998 

0,102 

0,722 

0,824 

13,5 

1,46 

0,997 

0,100 

-0,722 

0,822 

20 

1,78 

0,972 

0 , 099 

0,722 

0,821 

30 

2,18 

6,942 

0,006 

0,722 

0,818 

40 

2,52 

0,913 

0,093 

0,722 

0,815 

50 

2,82  ■ 

0, 874 

0,089 

0,722 

0,811 

60 

3,08 

0,829 

0,085 

0,722 

0,807 

70 

3,33  ■ 

0,794 

•  0,081 

0,722 

0,803 

80 

3,56 

0,752 

0,077 

0,722 

0,799 

90 

3,78 

0.72 

0,073 

0,722 

0,795 

100 

3,99 

•  0,§S8 

0.070 

0,722 

0,792 

103 

4,14 

0,654 

0,068 

:  0,722 

0,790 

1.  INDUCTANCE  OF  CABLE  WITH  d~  1*  2  mm  AND  a  ~  4.14  mm  AS 
A  FUNCTION  OF  FREQUENCY 


|  2.  f ,  kilocycles 


Cont1 


iVPT*-***  hV*H«p . * <*?  QtMn^ 
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,  *at«?  -.w*^  ^aw/  .- .; 


|  2*  ffd/ilihenries/km 

{  4*  L  vA.s  millihenries/km 

|  0X  \j 

|  5*  Ltotal ,  mi 1 lihen  r  i a  s/km 

J 

‘  External  inductance  is  not  a  function  cf  frequency. 

!  The  result  is  that  with  increasing  freoueney*  the  i 

!  •  5 

i  total  Inductance  of  the  circuit  drops  to  a  value  equal  to  f 

i  *  I; 

|  the  external  inductance.  \ 

! 

t 

i: 

\ 


Below  we  consider  inductance  values  of  cable  cir- 


i  cults  for1  various  diameters  of  the  conductors  and  distanced 


? between  them, 


As  the  distance  a  between  the  conductors  increases* 
the  external  inductance  increases  as  In  — ~j-—^{?ig.  3-23)* 
This  is  accounted  for  by  the  fact  that  the  area  S  “  la 


encompassed  by  the  magnetic  lines  of  force  increases  with  j 

|  increasing  a*  so  that  the  external  magnetic  flux  i£>  in-  j 

}  1 

f  creases  accordingly*  : 


j  <1 >=zBS~Bla.  j  v 

I  (3-7) 

As  will  be  seen  from  Pig, 3-24,  the  larger  a,  the 

i 

larger  will  be  the  area,  penetrated  by  the  magnetic  field*  | 

f 

and  the  greater  the  extent  to  which  the  lines  of  force  j 

|  encompass  the  circuit.  It  is  for  this  reason  that  the 


inductance  of  aerial  communications  lines  is  about  3 
times  that  of  cable  lines*  and  amounts  to  2-3  millihenries 
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[  PIS.  3-25.  Inductances  of  cables  with  eonduc- 

S  tors  of  various  diameters. 

I 

|  1 — he n  ri e s /km ;  2 - -mm 

|  higher  magnetic  permeability  .  The  greater yWj ,  the  1. 

j, 

I  er  will  be  the  concentration  of  magnetic  lines  of  force 

i 

|  within  the  conductor  and.  the  internal  Inductance  of  the 
| circuit. 

I  In  alternating-current  circuits,  in  which  rapidly 

\ 
i 
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{ varying  magnetic  fields  are  .created,  self-induction  exerts  | 
I  a  continuous  influence  on  the  operation  of  the  circuit  ,  1 

f 

l  The  latter*  plays  the  same  role  in  electrical  pro- 

k 

j  cesses  that  Inertia  plays  in  mechanical  systems.  By  Lens’s; 

j.  i 

j law,  the  emf  arising  as  a  result  of  self-induction  is  al-  ; 

|  ways  so  directed  that  It  opposes  the  factor  giving  rise 

i  : 

j;  to  it.  The  electromotive  force  of  self-induction  and  the  i 

(  i 

i  emf  of  the  basic  current  flowing  through  the  circuit  are  I 

i  '  I 

I  opposea  in  direction,  j 

l  -  j 

I  It  follows  from  this  that  self-induction  is,  as  it  j 

!  j 

I  were,  an  additional  -component;  of  resistance  to  the  passage  | 

f  j 

}  of  alternating  current.  The  higher  the  frequency,  and  i 

|  "  | 

|  therefore  the  rate  of  variation  of  the  magnetic  flux,  the  | 

I  higher  will  be  the  Inductive  reactance  of  the  circuits  1  • 


Thus  the  impedance  of  the  alternating-current  cir-  ! 


I  ouit,  taking  the  I "active" |  resistance  R  into  account,  is  \ 


f  expressed  in  the  form 


Jy  — j&L. 


\  For  f  =  0  (direct  current) ,  the  inductive  reactan 

| 

|  disappears  and  the  Impedance  £”full  resistance^  of  the 


circuit  is  simply  Z  ~  R, 


, ..  ■  r.rt’Wr  i'.# mwfcw  vi*****-- ^vnw^ws 


.V*  a^?V  ft-W’Vi*  ■  &t  •  >.  AXV  « 


3-6*  CAPACITANCE  OF  SYMMETRICAL  CIRC  (JITS 

The  capacitance  of  a  cable  is  analogous  to  the  cap-  ' 

acitance  of  a  condenser,  with  the  surfaces  of  the  conduc-  j 

tors  performing  the  function  of  the  plates  and  the  insula-  j 

tlon  between  them  (air,  paper-,  styroflex,  polyethylene,  • 

etc*)  serving  ao  the  dielectric.  ? 

Capacitance  is  the  proportionality  coefficient  be-  ! 

1  | 

tween  the  quantity  of  electricity  Q.  and  the  voltage  IT  and  | 

characterizes  the  amount  by  which  the  voltage  between  the  •* 

i 

capacitor's  plates  increases  when  a  certain  charge  •  j 

0  li 

f.  —  u  •  i 

is  imparted  to  it.  f 

:  '  .  '  ;i 

The  capacitance  of  a  condenser  increases  as  the 

quantity  of  electricity  accumulated  in  it  at  a  definite 

potential  difference. 

The  capacitance  of  communications  cables  is  measured 

-6 

and  standardized  in  microfarads  (10~  fd),  nanofarads 
(10‘v  fd),  and  micromicro farads  ( 10~12  fd) . 

I 

Cable  technique  distinguishes  between  two  forms 
of  capacitance:  a)  effective  capacitance,  i,e*,  the  capa¬ 
citance  between  the  conductors  of  the  circuit  (pair)  under 
consideration,  and  b)  the  direct  capacitance  between  the  I 
individual  conductors  of  the  cable*  1 
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ices  are  components  of  the  effec-f 


•  •  T£i6  direct  CcipHCt _  C3.* -<s  wvjjjvwuwuvjvj  ^ v.- | 

f, 

tive  capacitance*  In  the  cable  quad  shown  in  Fig.  3-26#  \ 

the  resultant  capacitances  between  the  conductors  1-2  and  ; 

If 

fc 

3-4  are  the  effective  capacitances  Cj.  and  C^j.  The  capa-  j 
eitances  between  the  separate  conductors — ^14?  ^23*  f 
C2V  C12f  and  C^~.  and  with  respect  to  the  lead  sheathing  j 
of  the  cable  {to  ground)- — C-j^qj  C2q,  C,q,  and  Cj^  are  ! 

k 

direct  capacitances*  } 


Fig.  3-26«  Effective  and  direct  capacitances 
of  cable  quad* 

The  number  of  direct  capacitances,  N,  may  be  comp 
uted  by  the  formula 

n 


N 


(« + 1 ) 


(3-8) 


where  n  is  the  number  of  conductors  in  the  cable. 


...J 
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j 

|  Thus  e.  sable  pair  will  contain  throe  direct  cape- 

|  citances  and  a  quad  ten. 


The  effective  capacitance  is  the  fundamental  (fttan-  i 
dardiaed)  quantity  determining  the  quality  of  transmission  | 
through  the  cable.  As  shown  by  V, .N*  Kuleshov,  It  is  cal- j 


10~6  ! 

;  [fd/kml,  ( 3  9)  \ 

I 

where  a  la  the  distance  between  the  centers  o?  the  con-  % 

i 

due tors  (taken  in  accordence  with  Table  3-29) >  '  f 

•i 

d.  la  the  diameter  of  the  conductor?  i 

f  i 

1  Is  &  correcting  factor  characterizing  the  distance j 

1 

of  the  conductor  from  -the  grounded  sheathing  (at  j 

great  distances,  ip  -  T) ;  j 


I  culated  by  the  formula. 


c 


Is 

2a 

i?6  In  ~r  i> 

u  f 


Pig,  3-27.  Calculation  of  cable  capacitance* 

s — screened  pair?  b — spiral  quad 
1 - -Be  (screen  diameter})  2 — d^  (quad  diameter) 


where  .dff,  d^,  d^,  and  d.^  are  the  diameters  of  the  groups  [ 

in  the  corresponding  twist  systems?  • 

is  the  diameter  of  the  insulated 

i 

conductor*  | 

a  is  the  distance  between  the  | 

conductor  centers  f 

d  is  the  diameter  of  the  conduc-  l 

tors;  I 

! 

D  is  the  diameter  of  the  screen,  > 

e  • 

Pig.  3-27  shows  these  designations  for  the  spiral  j 

*  > 

quad  and  the  .screened  pair.  '  I 

Table  3-30  gives  numerical  values  of  the  coefficient 


(l>  for  various  types  .of  twist. 


Table  3-30 


VALUES  OF  COEFFICIENTS  f  EOR  VARIOUS  RATIOS 


a 

hi 

1  4* 

i  1 

1  $jm 

1,6 

0,608 

0,588 

0,615 

1.8 

0,627 

0,611 

0,528 

2,0  1 

0,644 

0,619 

0,660 

2,2  1 

0#655 

0,6;i0 

0,670 

2.4  | 

|  0,665 

|  0,647 

i  0,662 

n  =  pair 
3  ~  quad 
J|«  -  double  pair 


In  addition  to  formula  (3-9)#  the  following  empiri- J 
cal  formula  is  widely  applied  for  the  calculation  of  effect 


ttlve  capacitance?  I 


c  ~~ 


86  in 


«/> 


0“6  [$i'km] 


km]  *  ( 3-10) 


jwhere  D  is  the  diameter  of  the  group 


{  d  is  the  diameter  of  the  conductor:  \ 

j  Cf,  is  a  correcting  factor  which  depends  on  the  system  | 

\  in  which  the  conductors  are  twisted  into  the  group, ! 

I  '  5 

fThe  value  of  K  is  \ 

{  ■  f 

;  0,9^  for  the  pair: 

j.  0,75  for  the  quad) 

|  0..65  for  the  double  pair. 

J  •  -if 

j  The  result  of  calculation  by  Formula  (3-10)  agrees  J 

I  sufficiently  closely  with  the  actual  values  only  for  groups! 

I  j 

I  inside  a  strand  of  conductors.  :  For  groups  in  the  outer-  | 

1 

most  layer  next  to  the  lead  sheathing  or  In.  proximity  to1  j 

screened  groups,  the  calculation  gives  results  somewhat  j 

•  '  i- 

on  the  low- side.  j 

It  is  interesting  to  trace  the  dependence  of  capa-  \ 


citance  on  the  variation  of  the  conductor  diameter  d  and  j 

the  intereonductor  distance  a,  j 

j 

Table  3-31  gives  theoretical  capacitance  values  forjj 


| cables  with  packthread -paper  insulation  and  conductors  of 


jdifferent  diameters  (from  1.0  to  1.6  mm) ,  In  the  . calcula¬ 
tion.,  the  group  diameter  dz  [clqUa(j]  is  assumed  to  be  con¬ 
stant  at  7*07*  The  value  of  &  is  1.38* 


MM  > 


rr-tf&rrrwma  ww. 


Table  3-31  & 


VARIATION  OF  CAPACITANCE  WITH. INCREASING 
C  ABLE -CONDUCTOR  DIAMETER 


6> 


,  MM 

a 

d 

(fyc,  h&’km 

l-~d,  BIB). 


-3 

10  r 


do 

€0 

4o 

SOI 

0 


0 


2—0,  nanofarads, Aon 


1 


2 


1,0  • 

1,2 

1.4 

3,45 

3,44 

3 

23,3 

26,5 

2S,8 

1.6 

2,85  | 
52 


r 

• 

] 

V, 

:  1 
| 

A! 

\ 

— 

.  . . 

^•-rsssr — - 

— 

C 

d 

Fig*  3-28.  Variation  of  capacitance  with  in¬ 
creasing  distance  between  cable  conductors* 

1 — ml c  v o farads /km 

It  follows  from  the  table  that  the  capacitance  of 
the  cable  increases  with  increasing  conductor  diameter. 
This  is  consistent  with  the  physical  sense  of  the  pheno¬ 
menon  under  consideration,  since  an 
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j diameter  is  equivalent  to  enlargement  of  the  plates  of  a  f 
|  condenser,  i.e*,  results  in  increased 'capacitance*  : 

I 

j  It  follows  from  Fig.  3-28,  which  shows  the  variations 

|  of  a  cable* s  capacitance  with  increasing  distance  between  { 

i  ”  '  •  | 

'  the  conductors,  that  as  the  distance  a  between,  the*  conouc--  ■ 

|  tore  Increases,  the  capacitance  of  the  cable  decreases  coni. 

f  aider ably.  Actually,  an  increase  in  the  distance  a  in  \ 

l  \ 

\  cables  is  equivalent  to  moving  the  plates  of  a  capacitor  j 

i  ■  '  i 

i  farther  apart,  and  this  naturally  gives,  a  reduction  in  ; 

,  ■  ■  ) 

|  capacitance,  i 

|  1 

S  The  parameter  €  appearing  in  the  formulae  for . cal-  i 


S  _ 

|  culating  capacitance  is  'the  resultant  value  of  the  diexec— 
|  trie  constant  for  the  composite  dielectric  used  in . the 


I  cable* 


3-7.  SHUNT  CONDUCTANCE  (LEAKANCE)  OF  SYMMET¬ 
RICAL  CIRCUITS 


The  shunt  conductance  G  is  an  electrical  parameter  j 

\ 

of  the  line  which  characterizes  the  quality  of  the  Insul-  j 
ation  covering  the  cable* s  conductors,  j 

Just  as  the  resistance  determines  the  loss  of  elec-] 
tromagnetic  energy  In  the  metallic  parts  of  the  cable,  thej 

J 

parameter  G  indicates  the  loss  of  energy  In  the  insulationj 

i 

of  its  conductors. 
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Fig,  3-29 ,  Illustrating  calculation 

of  shunt  conductance.  j 

i 

The  shunt  conductance  of  a  line  may  be  represented  j 
as  a  resistance  equivalent  that  shunts  its  capacitance  j 

(Fig.  3-29).  j 

The  resistance  of  the  insulation  and  its  conductance 

■  I 

are  related  by  the  expression  0*  l/H^ns*  •  j 


The  shunt  conductance  of  a  line  is  governed  by  ; 

r  f 

the  properties  of  the  cable  dielectrics  and  primarily  by  j 

the  resistivity  ^  and  the  dielectric  loss  factor  tan  S’  .  j 

! 

Since  the  insulation  of  the  conductors  of  cables  possesses; 

a,  certain  electrical  conductivity,  part  of  the  current  t 

does  not  reach  the  end  of  the  line,  completing  Its  circuit) 

between  the  conductors  and  being  dissipated  in  the  dielec-j 

| 

trie  (the  so-called  "leakage”  of  current),  { 

Direct-  (GrQ)  and  alternating--  (G^)  current  shunt  j 

j 

conductances  are  distinguished  in  accordance  with  the  •• 

nature  and  origin  of  the  effect.  The  shunt  admittance  is  j 


expressed  as  the  sum  0  =  Gq  +  Ga. 
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;  > 

l 

J The  quantity* 0Q  is  inversely  proportional  to  the  direct- 

I  current  insulation  resistance  of  the  cable  circuit t 

i 

1 


!a0 


H 


Ins 


■  The  presence  of  the  conductance  Gq  is  .accounted  for  j 

•f bv  the  nonideal  electrical  properties  of  the  cable  dielec- ! 

l  •  * 

|  trie*  Their'  volume  and  surface  resistivities  have  finite  j 
\  values  ( 0  »  1012  to  1017  ohms-cm),  with  the  result  that  j 


I  ■  | 

I.  electric  charges  can  migrate  through  the  dielectric  and  a  f 

I  | 

i  path  is  created  for  leakage  of  direct  current  between  the  | 

I  '  ,  | 

I  forward  and  return  conductors  of  the  cable  circuit  and  to  | 

I 

j  ground*  This  conductance  causes  energy  losses  in  heating  j 
!  the  dielectric,  which  are  determined  by  the  expression 


R  ren  IPG 


w 


o 


(3-11) 


|  The  energy  losses  P^  in  the  dielectric  due  to  dlrecp 

1  current  shunt  conductance  are  analogous  in  principle  to  | 

i  '  .  ■  j 

j  the  thermal  energy  loss  in  the  cable  conductors*  j 

J  The  phenomenon  of  dielectric  polarization  consists  j 

l  in  the  formation  of  dipoles  which  change  direction  (shift)-? 

j  | 

!  during  the  cycle  of  variation  of  the  applied  electromag-  j 

}  s 

\  netlc  field*  f 

i  > 

The  dipole-shifting  process  results  in  a  loss  oi 

energy  expressed  by  the  formula  P**  =  U2CI^.  Under  certain 


3 

L 
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conditions ,  ^  may  attain  values  exceeding  the  energy  less 
in  the  cable  conductors.  { 

I 

It  Is  customary  tc  express  the  value  of  3,v  and.,  ac-  j 
cordingly,  the  polarisation  losses  in  solid  dielectrics  in 


j terms  of  the  dielectric  loss  factor  tanS,  which  is  deter- 


j mined  experimentally,  The  former  is  directly  proportional  s 


t  .i. 


to  the  frequency  of  the  transmitted  current-  the  capacit 

t 

|  ance  of  the  cable,  and  the  dielectric  loss  faetom 

| 

|  G,^  -  00  tan  $ ,  -  j 

1  The  dielectric  less  constant  is  the  most  important  ] 

I 

parameter  in  determining  the  possibility  of  using  &  diel 
ectrlc  in  a  c omiaun  1  cations  cable. 

For  high-quality  dielectrics  with  insignificant  las;? 
|  constants,  it  may  be  assumed  that  tan  5  a?  3  ,  since  the  j 
tangent  is  equal  to  its  argument  for  small  angles,  S 

I 

Values  of  the  dielectric  loss  constant  for  various  j 
cable  dielectrics  are  listed  in  Chapter  9» 

The  formula  for  the  full  shunt  conductance  takes 
the  form  •_  1 


G--G0  +  G^~ 


-j-  ol 

70  ( 3-12) 

The  shunt  conductance  is  measured  in  mhos /km  (re 


|  ciprocal  resistance). 


In  comparing  the  values  of  Gq  and  G^,  it  should  be 


11 
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noted  that  dielectric-polarization  losses  in  communications! 

i 

cables  are  significantly  larger  than  thermal  losses  due  to 
nonidea'l  insulation.  Therefore,  the  conductance-  QQ  may 
be  disregarded  and  the  calculation  performed  by  the  fcnnule? 


0™O  =  «> 


(3-13) 


It  is  necessary  to  consider  the  quantity  Qq  only  when  con--; 

i 

sidsrlng  the  cable  transmission  of  direct  current  and  tele 4 
graph  signals.  s 


—  -  ^ 
frequency. 

1  — paper-packthread  insulation ; 2— styrof lex-pack¬ 
thread  insulation. 

JL»iah&&4^ - - 


The  frequency-dependence  of  G  (in  the  range  extend-  j 
lng  to  108,000  cycles)  for  paper-packthread  and  styroflex-  [ 
Insulated  communications  cables  l.  2  mm  in  diameter  is  shown 


in  Fig.  3-30.  The  following  cable  capacitances  were  taken  | 

for  styroflex  Insulation  23.5  x  10"2  fd/km.  The  values  j 

\ 

of  tan  O.  are.  presented  in  Table  3-34.  j 

f 

It  follows  from  Fig.  3-50  that  with  increasing  lire-  | 

| 

quency,  the  quantity  G  increases  from  zero  to  quite  high,  j 

j 

values.  .-j 

■I 

The  shunt  conductance  of  cables  with  styroflex  in-  } 

-  .  1 

sulation  is  much  lower,  due  to  the  low  tan  d ,  than  that  | 

| 

of  cables  with,  paper-packthread  Insulation;  this  Is  parti -| 

I 

cularly  noticeable  at  high  frequencies.  j 

'  *  i 

Table  3-32  illustrates  the  variation  of  the  quant-  j 

i 

J 

ity  G^  as  a  function  of  the  distance  a  between  the  oonduc-J 

i 

tore  of  the  cable.  It  has  been  calculated  for  f  -•  60,000  | 

t '  -4  i 

cycles  and  tan  6  -  91  x  10  .  | 

Table  3-32  S 

SHUNT  CONDUCTANCE  AS  A  FUNCTION  OF  THE  RATIO  a/d.  ! 


a 

d 

f 

1.5  2  | 

3 

4 

G*,,  JA  mho  s/km 

j  !  1 

|  321  j  163,5  | 

102 

81,4 

71J>\ 


a  , 


The  decrease  in.  G^  with  increasing  ^  is  accounted 


i*WW 


I 

j  for  chiefly-  by  the  reduction  in  the  cable  capacitance, 
|  which  is  a  component  of  the  parameter  CL 


i\ 

* 

! 


? 

* 


i 

i 


It  must  be  noted  that  the  value  G  is  &  basic  factor  : 

t 

In  determining  the  degree  of  high- frequency  multiplexing  j 
in  communications'  cables.  High-frequency  dielectrics  f 
( styrof lex,  polyethylene,  opandl,  etc.)  with  small  dlelec-  \ 

trie  loss  angles  have  recently  been  widely  introduced  in  j 

'  \ 

order  to  expand  the  range  of  frequency  utilisation  of  ( 

1 1 

communications  cables.  •  j 


I 

3-8.  BASIC  RELATIONSHIPS  FOB  PRIMARY  PARAMETERS  I 
OP  SYMMETRICAL  CIRCUITS  j 

On  the  basis,  of  the  above  analysis  of  the  primary  j 

parameters  of  cables,  we  have  constructed  comparative  char| 

act-eristics  for  their  dependence  on  frequency  (Fig.  3-31) ,  | 

$ 

and  the  curves  of  variation  of  R,  L,  C,  and  G  as  functions j 

i 

of  the  diameter  of  the  conductors  and  the  distance  be-  \ 


tween  them  (Fig.  3-32  and  3-335 •  | 

The  orders  of  magnitude  of  the  primary  parameters  } 

I 

& 

of  the  most  important  communications  cables  are  as  foilowsj 

t 

resistance  R  «  (40  to  100)  ohmft/taa,  inductance  L  =  (0.6  j 
to  1)  millihenry /km,  capacitance  0  =  (23  to  50)  .nanofarad  s|' 
km.  The  shunt  conductance  G  =  (1  to  200)  ^mho«/km. 

The  following  conclusion  proceeds  from  comparison 
of  the  electrical  parameters  of  cables  and  aerial  coinmuni- 


.wna; '■maum-  mm,wT-.YM*imr<-****i»' ■■  ’ 


I  efttlonjs  line.®,.  In  caHe  oJ rouit*  having  relatively  L.hln 
|  and  close-packed  conductors,  the  resistance  R  and.  the  capa¬ 
citance  C  prevail ♦  The  capacitance  of  the  cable  13  3  to  5  j 


mmStMom  wmmm <* 

ZZ 

/ 


\ 

l\ 
s  w 


Fig.  3-31*  Frequency -depen¬ 
dence  of  primary  cable  para¬ 
meters  ,. 


Fig.  3-32.  Variation  of  prif 
mary  cable  parameters  with  ? 
increasing  distance  between J 
con.duct.ors .  I 


\ 


'*  Fig.  3-33.  Variation  of 
.q  primary  coble  parameters 
;  with  increasing  conductor 
-i  diameter. 


(  times  that  of  the  aerial  line.  The  resistance  (K)  of  the 
j  cable  (d  =  1,2  mm)  is  greater  than  the  resistance  of  the 
aerial  line  (d  =  4  mm)  by  a  factor  of  approximately  15- 
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f The  inductance  of.  the  cable  lines  Is  about  one-third  that 


the  'aerial  lines 


!  3-9.  CALCULATION  OF  DIELECTRIC  CONSTANT 

J  AND  DIELECTRIC  LOSS  FACTOR 

As  a  rule,  symmet  r3  oal  eommu.nicat3.ons  cables  have 

f a  composite  Insulation  consisting  of  a  dielectric  and  air. 
f  "...  : 

1  For  the  most  part,  paper  or  styroflex.  is  used  as  the  di~ 

v  ; 

f  | 

i  electric.  \ 

|  ! 

f  The  resulting  values  of  the  dielectric  constant  and J 

;  "  ■  i 

!  the  dielectric  loss  angle  of  the  complex  insulation  are  j 
|  determined  by  the  electrical  properties  (£  and  tan  S' )  and  j 
|  the  volume  relationships'  of  the  components  forming  it,  | 

j  with  the  resultant  values  of  €  end  tan  $  of  the  complex  j 

I 

f  insulation  close  to  the  corresponding  values  for  the  parts j 

i  I 

j  of  the  insulation  occupying  the  largest  volume..  . 

S  :  | 

|  Taking  into  account  that . symmetrical  cables  have  j 

i  ■  '  s 

i  continuous  insulation  which  is  applied  uniformly  over  .  j 

J  •  ■  f 

their  length,  the  volume  relationship  may  be  replaced  by  j 
|  the  relationship  between  the  cross-sectional  areas  S.  | 

I  ‘  i 

|  Then  the  resultant  (equivalent)  values  &  and  tan  0  may  } 


|  be  computed  from  the  formulas 

|  ^ 

fj*  ******  _ _  _  ,  _ 

i  .  *  i' 3 


(3*14) 


*4“'  ^8  % 

4  ($d  + 
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j where  the  eubscript-d  values  of  €  end  tan  $  apply  to  the 

|  dielectric,  arid  the  sub -a  values  tc  the  air;  and  Sa  are 
« 

f  the  expose -sectional  areas  of  the  dielectric  and  the  air* 

{ 

|  Determination  of  the  values  of  -S^  and  B&  presents 

£ 

i  the  greatest  complication ,  since  the  insulation  is  applied 

* 

\ 

|  to  the  conductor  spirally  and  is  usually  deformed  in 
[  laying-up,  and  it  is  impossible  to  determine  the  fraction 

|  of  the  total  cable  section  occupied  by  the  dielectric. 

i 

l  Pot  symmetrical  cables  with  the  most  widely  used 

I 

!  packthread  insulation,  the  values  of  Sd  and  £  are  deter¬ 


mined.  from  the  expression 


(&■ 


ry  >£*  (**  f\ 

,'V/  ,<■/,  cf, 


j  •  (3-16) 

|  where  D  is  the  total  diameter  of  the  cable  under  the 
j  c 

j  lead  sheathing,  and  Soond  is  the  cross-sectional  area 

,i 

I  of  the  cable  conductor.  In  turn. 


4  n* 


f  where  d  is  the  diameter  of  the  cable  conductor,  and  n  is 

I 

|  the  number  of  conductors  in  the  cable, 
j  The  cx*o£S~sectlonal  area 'of  the  dielectric 


S^(nd^k{  +^rk2)n  -f  2*r Dgbk9r 
A  '  J  c 


(3-18) 


1 

j where  A  is  the  thickness  of  the  insulation  tape; 
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«  ? 

5  is  the  diameter  of  the  packthread;  f 

;  I 

dj  is  the  diameter  of  the  insulated  conductor;  j 

n  is  the  number  of  conductors  in  the  cable;  • 

to,  and  k0  are  the  spiraling  factors  of  the  \ 

•  t  ^5  \  f 

insulation  tape;  '  .  ( 

tort  is  the  spiraling  factor  of  the  packthread.  ] 

'  ’  \ 

The  spiraling  coefficients  and  kg  of  the  paper  j 

t&pe  are  calculated  from  the  formula  \ 


/:  ,  «*  («*  X  26+'A)> 
•  — 


(3-19) 


i 

where  h  is  the  lay  with  which  the  paper  tape  is  applied.  § 

p  I 

The  spiraling  coefficient  kg  of  the  packthread  is  •  I 

'■i 

determined  from  the  formula  I 


r  /%  (3-20) 

where  hiv  is  the  lay  of  the  packthread. 

On 

It  has  been  established  by  experiment  that  the 
coefficient  values  82  1.17*  kg  -  1.32,  and  -  1*25 
may  be  used  for  the  calculations. 

Designing  data  for  packthread  and  insulation  tape 
are  presented  in  Table  3-33. 
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Packthread-paper 

Insulation 


1 


Packthread  $T8?4;  0,49;  0,60;  03;  0.85; 


1  04 

Pape  A,  am  0*05;  0,08;  0,12;  0, 17 


Table  3-33 

PaekthraM-etyrofles: 
nsuletion  . — 


0,4;  0,5;  0,65;  JM4  1,05 
0,03;  0,05;  0,?C 


The  values  of  A  and  $  underlined  in  Table  3-33  «'«  j 
used  in  the  prevailing;  cable  designs  with  conductors  1 » Shnan.  | 

in  diameter.  j 

For  32x2  cable,  the  volume  ratios  of  the  air,  diel-j 
ectric,  end  copper  are  expressed  by  the  following  figures  ■ 
{ per  unit  length  of  cable); 

U  “643  mm*~  65% 

<*""7-  75  ..  -  7,6% 

— P'..— 271  .  —27,4% 


ft 


989  mmz  — 100% 


In  cables  with  packthread -paper  insulation,  the 

equivalent  (resultant)  value  of  the  dielectric  constant 

£  varies  between -1.1  and  1.4  In  accordance  vrtth  the  de~ 
e 

sign  of  the  cable.  Specifically,  €Q  for  32x2  cable 

Intended  for  use  for  multiplexing  in  the  range  to  60,000  j 

cycles  is  1.32.  In  cables  with  paper-pulp  and  air-paper  j 

insulation  on  the  conductors,  the  value  of  attains  1.5  j 

_ _ _ _ 1 


'IW  «*•  •  .•  tin'-*KSt-  ■  JtHtMSfA  ..> 

«Kvr**? 

* 

-jfWttWO .nsww/l*' 

mMrxarW  ****<»»**■  «*  *  •••«« 

L*fc  * 

to  1 

.T. 

For  pa 

,ck  thread  ~t 

ityroflex  : 

insula 

ticn,  <?.  amounts 

f 

to  1 

.2 

to  1,25. 

* 

•  t 

The  frees 

.uency-depe 

sr.dence  of 

the  e 

qui valent  values 

■  i 

tan 

S' 

e 

for  cab 

:les  with  r 

packthread 

-paper 

•  and  packthread- 

} 

1 

styr 

ofl 

ex  conductor  instil 

.at ion  (d 

=  .1,2 

mm)  is  presented 

i 

f 

1  In  Table  >44, 


The  results  of  measurement  of  tan 


$  in  a  cable  with 
e  ? 


1  packthread-paper  Insulation  in  &  higher  frequency  spectrum] 
f  s 

I  ' 

I  are  shown  in  Pig*  9-1 »  5 

|  .  3 

\  it  is  clear  from  Table  3-34  that  tan  Is  consider!- 

I  "  ■  | 

I  ablv  smaller  for  packihread-styroflex  insulation  than  for 

| 

[  packthread-paper  insulation.  This  is  especially  pronounce 

•  _  | 

I  in  the  high-frequency  region;  e.g*,  at  60  kcpa  it  .is  5>  i 
>  ^  I 

I  or  one-eighteenth  the  tan  5.  of  the  packthread-paper  in- 
I  e 

I  eolation .  . 
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Table  3-34  •  f 


HaCTOTHAM  SaEHCMMOCTb  tg  0^  CHMMdTpHIHMX  KsCSflCft 
C  6viK*)KM0*K0pfle.!U»F0ft  H  C  f HpO^^eKCliO'KOp jl e  jimsor 


ttsojiautfieft 


/fi 

CV 


f  ,  K2'% 


&K«9<J»4>KawaT  aiiSA^tpimccKi.-x  noTer^te  8,  x 


10”  4 


i»f  ,  ,  „  *„  ’CTSC-llb  *X<  COCTH 

KLafef,*lCX‘.‘  c  4X4^,fy VpoA-U'KCBofl  MOM 

Maaoi  ift  }:3o.i«UHi'M  Ma*-»ofr  Mojumu-fy  ▼  K|U.f, 
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5,0 
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20 

30 

40 
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00 

70 

80 

90 
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85 

91 

97 
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s 

I  r- 

i 
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I  6. 


FPEQUENCY-DEBETCDENCE  OF  tan  $  Q  FOR  SYMMETRICAL  CABLES 
WITH  PAPER-PACKTHREAD  AND  STY R0FLEX-P AC KTHKEAD 
INSULATION 

1‘j,  kilocycles  .4 

Dielectric  loss  factor  tan  o  x  10 
32x2  cable  with  paper  insulation 
4x4  cable  with  paper  insulation 
4x4  cable  with  atyrcflex  insulation 


}  3-IO,  ELECTRICAL  CHARACTERISTICS  OP  CABLES  OP 

I  "  SYMMETRICAL  DESIGN 


|  The  M.KB-32x2  is  a  typical  representative  of  the 

I  group  of  symmetrical  high-frequency  cables  (MKG,  MPK*  and 


96 


k  akhk;  ^wj».tf*88)fr*»%j. isMsm # v**#'**#**-'  ^A^v**i**ww 

I MK)  I 

I  -This  cable  (Fig.  3-13)  le  designed  for  cabling. of 

\  ■’■ 

f main  communications  routes  with  multiplexing  of  circuits  ; 

|  .  ■'  £ 

I  by  12-channel  systems  in  the  spectrum  to  60,000  cycles.  | 

f  •.  ! 
j  In  addition  to  the  10  high-frequency  quads  it  con-  j 


j  tains  4  low-frequency  coil -loaded  quads,  3’  screened  radio-  ] 
|  broadcasting  circuits,  and  a  spiral  pair  for  monitoring  j 

V  ■  ? 

I  '  * 

\  the  line  and  for  auxiliary  communication .  | 

j  | 

j  The  electrical  parameters  of  the  MKB-32x2  cable  ares 


presented  in  Table  3-35 


Table  3-35 


|  ELECTRICAL  DATA  FOR  32x2  SYMMETRICAL  CABLE  J 

!  •  •  1 

Property  Test  Unit  of  Value  Relative  Length  con-; 

\  frequency,  measure-  length  version  fact 

went  hv.  \  tor  j 

!  ■  Low  ~\f  r  e  q  u^e  n  c  y\^  q  u  «\d  s  | 


x.  poop 
resist¬ 
ance 

2.  Resis¬ 
tance  un¬ 
balance  for  I 

forward  and  i 

return  con¬ 
ductors  of 
circuit 

3»  Insulation  . 
resistance  of 
each  conductor 
with  reference 
to  others  and  Q(at 


ohms 


<31,9 


1000 


ohms 


<0,15 


10000  1  000 


ia^c 

“/ 


tmvaa* 


97 


I  ««✓ _ 'v  * 

. ,  ««>.*»*. ^W'Vrw**?'  •&*&&  "  » 

<  '  '  * 

1:4,  Effective 


|  capa.oitance 

|  a) nominal 

{ bj permissible 

I  deviation 

|  from  nominal 

I  value 

\ 

i 


5. Capacitive 
|  coupling 

f  k 
!  Kl 

|  k0  and  k, 

}  c.  3 

|  6*  Capacitive 
.1  unbalance 


0,8 

0,8 

0,8 

0,8 


nfd 

nfd 

JijA.  fd 
jtiu  f  d 


26,5 


•±2,0 


<!2C 

<300 


1000 


i  t/-4 


only  -for  single 
layer  quads 


42o 

425 


;  0,8  |  fd 

High-frequency  quads 


426,  i 

J  1 

42c  ! 


l.X«oop  re¬ 
sistance 

2* Real stance 
unbalance  of 
forward  and 
return  con¬ 
ductors  of 
circuit* 

j  3,  Insulation 
|  resistance 

I  4.  Effective 
capacitance 
j  a) nominal 

l’ 

b  )  pe  1'ir.i  a  Bib  le 
'deviation  from 
nominal  value 

|  5. Capacitive 
|  coupling 

k_  -  " 

k2  and 

kA  tO  k*,  r\~-  »*-<-- 

^inrww.wrti  tmmm i - *~*JL£m*k* 


0 


ohms 


0  I  ohms 

0(at i  j 
150v)  I  megohms 


0,8 


0,8 


nfd 


nfd 


31,9 

<0,10 

>10  000 

26*5 


f  4"  1 ,5 

\  -2,0 


1000 

423  i 

I 

» 

1000  1 
1000 


Too] 


1 

c>a 


Loo° 

/ " 

jr_ 

Toco 


I  009  for  all  \ 
quads  of  V. 
Bec.qnd  .laye# 


0,8 

HjKfd 

<60 

426 

i  Ji 

4263 

0,8 

/ififa 

<300 

426 

/ 

426  | 

0,8 

0  r<J 

<20 

426 

l  _J 
426 
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Table  A-7. 

The  electrical  parameters  of  cables  with  conductors 


from  0.6  to  2  mm  are  presented  In  Table  A-8  for  a  fre¬ 
quency  of  BOO  cycles.  • 


Chapter  Pour  j 

CABLES  WITH  ARTIFICIALLY  INCREASED  INDUCTANCE  J 

i 

4-1.  THE  NECESSITY  OF  ARTIFICIAL  ELEVATION  OF  THE  IH-  j 
DUCTANCE  OF  COMMUNICATIONS  CABLES  ) 

f 

One  of  the  pressing  problems  of  cable  technology  j 
Is  the  extension  of  ranges  of  communication  and  expansion  j 
of  the  range  of  frequency  utilisation  of  the  circuits  withf 
out  additional  outlay  of  nonferrous  metals  (copper,  lead) 
in  their  fabrication.  Tills  problem  Is  being  solved  on 
the  one  hand  by  improvement  of  communications  apparatus 
and  on  the  other  by  reducing  attenuation  in  the  cable 
circuit.  Below  we  shall  consider  the  present'  methods  of 
reducing  attenuation  in  communications  cables  and  give  an 
analysis  of  their  effectiveness  In  the  light  of  current 
requirements. 

As  was  indicated  in'  the  previous  chapter,  the  elec¬ 
trical  properties  of  a  communications  cable  of  any  type  j 
are  fully  characterised  by  its  four  primary  parameters;  t 
attenuation  is  related,  to  these  by  the  expression  •  j 
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!  i-i- 

,fc  t  Q 

j  °  2 

r  ■  £.  *  2 

T  •  .... 

f  where  ^9p  and  j6^  are  the  attenuations  of  energy  due  to 
!.  losses  In  the.  metallic  parts  and  the  dielectric  of  the 

I  cable,  respectively. 

I  ■■'■■■. 

;  It  Is  perfectly  clear  that  with  R  »  G  =  0,  the 


i  transmission  of  enefgy  would  occur  without  losses,  and  j 

i  :  •  $< 

$  I 

i  therefore  without  attenuation  as  well*  But  to  create  such  1 

i  *  1 

?  " 

|  a  line  is  impossible,  since  any  real  cable  circuit  possess^ 

I  1 

a  resistance  R  and  a  shunt  conductance  0*  we  can  only  j 

v  - 

f  r  ■  I 

i  select  a  relationship  between  the  -circuit  *  parameters  such  J 


that  its  attenuation  will  be  minimized. 

Introducing  the  arbitrary  quantity 
into  the  expression  given  above,  we  obtain 


x  •'/- 


RC 

LG 


i  k^Vm  v  «  Vrg 

r ~  2  *  •  ~  2 


1  _  h  r  j  h 

— •  ~r ;c  i"  ~r 


* 


j  where  j$  ^ 

I  Prom,  this  it  is-  easy  to  show  that  the  circuit  at- 

|  tenuatl.cn  will  have  a  minimum  (  0  ~  ft- *airJ  af;  x  =  1*®»> 

* 

I  when  the  primary  circuit  parameters  are  linked  by  the 
|  relationship 


RC = LG. 


(4»i5 


103 


It  is  obvious  that  Relationship  (4-1)  is  optimal  and  an  j 
effort  should  be  made  to  approach  it  in  designing  communi-  ? 
cations  cables*  The  lowest  circuit  attenuation  attainable  i 

h 

I 

hereby  i s  l 


4in  =^  +  ^-T=fc  =  ^  (4-e) 

Fig.  4-1  indicates  the  nature  of  the  variation  of  the 
attenuation  in  the  metal  and  of  J3q  in  the  dielectric 
for  various  values  of  x.  It  follows  from  the  curve  that 
as  x  increases,  /Bp  increases  and  /SQ  drops  sharply.  For 
x.  =  1,  the  losses  in  the  metal  become  equal  to  the  losses 
in  the  dielectric  (/§  =  and  the  cable's  attenuation 

has  its  minimum  value 


P  min  ^  “  &>  ~~ 

In  cables  of  existing  types,  x  >  1,  since  R  and  C 
are  larger  in  magnitude  than  L  and  G  (RC  LG) 

It  follows  from  the  above  that  attenuation  may  be 
reduced  either  by  reducing  R  and  G,  which  is  extremely 

difficult,  since  the  values  of  R  and  G  are  dictated  by  ( 

i 

the  admissible  outlay  of  copper  (conductor  diameter)  and  j 

i 

the  quality  of  the  dielectrics,  or  by  reducing  the  circuit j 

f 

capacitance  C,  or  by  increasing  its  inductance  L.  But  } 
reduction  of  capacitance  entails  moving  the  conductors 


.  «•  »•&•<  ***<*?.»*:  - 


farther  apart,  thereby  increasing  the  diB*enaionaj  this 
la  obviously  Inexpedient. 

The  only  feasible  method  of  reducing  attenuation  In 
cable  communications  lines  Is  artificial  elevation  of  the 
circuit  inductance.  We  find  from  expression  (4-1)  that 
the  optimal  inductance  value  which  a  cable  circuit  must 
have  to  assure  minimal  -attenuation  is 


RC 

O  '* 


(4-3) 


The  extent  to  which  cables  of  the  various  types  | 

if 

correspond  to  Relationship  (4-1)  is  indicated  on  Fig.  4-2, | 
The  primary -parameter  relationships  of  the  cable  in  accor-  | 


dance  with  the  condition  x 


pr  are  laid  off  on  the  axls| 


of  abscissas#  and  the  ratios  of  the  actual  value  of  the  at 


enuation  to  the  optimal  value ■ (-4 — )  are  plotted  against  j 


the  axis  of  ordinates.  It  follows  from  the  curve  that  x  -I 

I 

23  in  the  audio -frequency  range  for  long-distance  communi-| 
cations  cables  with  paper  Insulation.  Their  attenuation  f 


is  accordingly 


or  13  times  optima’ 


Consequently  it  is  necessary  to  increase  the  in¬ 
ductance  of  these  cables  artificially  to  reduce  their 
parameters  to  Relationship  (4-1). 

The  nonconformity  of  the  cables  to  Condition  (4-l) 
diminishes  greatly  with  increasing  frequency.  Thus#  for 
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Attenuation  In  motel  end  dielectric 
In  various  relationships  of  primary 
cable  parameters. 
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r 

1  Fig.  4-2,  Cable  attenuation  as  a  function  of  per- 

|  kilometer  parameter  ratios, 

{  1- — aerial  line  with  d  «  4  mm,  f  -  800  cps 
{  2~~ eable-paper-f  ~  60,000  cps 
3t -cable -paper-f  ~  800  ops 
4 — cable  *-s.tyroflex-f  -  60,000  cpe 

i  example,  x  ~  4  at  60  kcps  for  cables  of  the  same-  type,  and 

! 

j  artificial  elevation  of  inductance  gives  no  significant 

i 

| 

|  effect, 

< 

I  This  is  accounted,  for  by  the  increase  in  the  shunt 

I? 

! 

I  conductance  Q  with  increasing  frequency,  with  the  result 

| 

I  that  Condition  (4-1)  is  satisfied  for  a  certain  frequency 

j<P  without  artificially  increasing  the  inductance.  The 

lvalue  of  m  may  be  found  from  the  same  condition  (4-1): 

I  x  -tm 


,  /?  0  ca? xC  te  S  f¥-*s  ^ 

T  ~T  ~  c  =  “,{g  4 


(4-4) 


-?  aMWWi**  > 


from  which  iffy .  -  R/L  tan  p.  ? 

However,  the  frequency  f  -  lies  in  the  range 

| from  200  to  SOO  kcpc  for  symmetrical  communications  cables 

[for*  known  types,  and  it  is  necessary  to  resort  to  arfcifi-  { 

.  .  •  .  |. 

1  cial  increases  in  inductance  to  reduce  attenuation  In  tire  f 
|  .  ! 

I  spectrum  of  practically  useful  frequencies.  Otherwise 
1  | 

j  this  measure  is  sometimes  economically  impractical  even  at  ; 

)  relatively  low  frequencies. 

|  The  thing  is  that  as  the  frequency  increases.  Con 

|  dition  (4-1)  is  first  satisfied  in  cables  with  poor  diel 
i  ectric  (their  tan  S  are  large)  and  only  much  later  in  cablds 


|  with  high-quality  dielectrics  (their  tan  $  are  small). 
f  This  is  clear  from  Expression  (4-4)  or  (4-5) 


w 


\ 

} 

*  r 


tan 


>3 


X\ 


X'Z 


t  S 

U  o 


m  » 


(«-5) 


{  tig  = 

|  ' 

I  Thus,  for  exanrale,  in  styrof lex-insulated  cable 

S  i 

<  ***'  h  ( 

j  tan  Q  ~  2  x  10"  ,  and  the  corresponding  frequency  is  j 

\  "  j 

60  times  as  high  as  for  paper-insulated  cable,  so  that  in  s 
I 

\  the  former  case  it  is  expedient  to  increase  inductance  J 

i  .  i 

j  artificially  over  &  rather  wide  frequency  spectrum.  j 

|  It  will  be  seen  from  the  curve  in  Pig.  4-2  that  x  j 

|  | 

I  is  30  for  styrof lex-insulated  cable  at  60  keps,  but  only  J 

4  for  paper— insulated  cable.  Thus  we  may  reduce  the  at  ten | 
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|  uatlori  of  g  etyrof lex-insulated  cable  by  a  factor  of  near-  I 

r 

I  ly  15 .by  changing  its  parameter  ratio  from  x  “  30  to  x  =  14 

i  ' 

f  It  is  noted  in  passing  that  at  f=  800  cycles,  the  primary-  • 

I  ,  I 

|  parameter  ratio  xfl  to  3  for  4-mm  copper  aerial  communis 


cations  lines,  while  x  «  25  for  paper-insulated  cables. 
TMs  is  accounted  for  by  the  fact  that  the  parameters  R 


|  and  C  are  significantly  smaller  for  aerial  lines  than  for  f 


!  cable  lines. 


An  increase  in  the  inductance  of  .cable  coramunlca 


? 


tlons  lines  is  expedient  for  yet  another  reason,  apart  \ 

'■  .  .  | 
from  the  lowered  attenuation t  as  we  .know,  the  character! s-i 

5 

tic  impedance  of  cables  is  capacitive  in  nature — Z  *  \ 


Z  e 


■3» 


By  artificially  increasing  the  Inductance,  we 


may  compensate  the  capacitive  component  and  convert  the  f 

*  •  I 

r* 

complex  resistance  Z  into  a  purely  resistive,  one,  j 

Z(f  *  G).  | 

f 

If  such  a  line  is  loaded  onto  a  matched  impedance 
2  =  Z,  the  energy  in  the  circuit  will  be  propagated  with)- 

ir  A  i 

out  reflection  and  with  rn.axim.um  efficiency.  This  assures  j 

*  < 

I 

good  matching  of  the  cable  line  with  terminal  repeater  j 

i 

apparatus  over  a  wide  spectrum  of  frequencies  and  an  { 

| 

I  accordingly  maximal  yield  of  energy  to  the  receiver.  j 

|  It  is  also  noted  that  communications . signals  pass  I 


L: 


through  lines  in  which  Condition  (4-1)  is  observed  with 


\ 
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Pig,  4-3,  Illustrating  electrical  calculation  g 

of  co.il- loaded  cable.  ] 

3 


a — coil-loaded  circuity  b — coil-loading  link 
c — low -frequency  filter 

| 

smaller  amplitude  and  phase  distortion,  since  the  fre¬ 
quency-dependence  of  attenuation  and  velocity  of  propaga¬ 
tion  of  energy  in  such  lines  is  considerably  less  pro¬ 
nounced  than  in  ordinary  cable  lines. 

The  secondary  parameters  of  cable  lines  with  arti¬ 
ficially  elevated  Inductance  (at  x  *  l)  are  computed  by 
the  following  formulas  (see  Chapter  2) :  attenuation  per 

jp  -r -  ■ 

kilometer  ft  ~  \f  RG>  phase  constant  V.  LC  , 

velocity  of  propagation  v  «  £c)/x  «  t  characteris¬ 
tic  impedance  Z  *  g  • 

Frequency  does  not  figure  In  the  above  expressions, 
but  the  values  of  j$ ,  Z,  and  v  vary  somewhat  with  frequency 
due  to  the  frequency-dependence  of  the  primary  parameters 

\tmrnim*rmm*r*  .  ' 


vra  r-  i  ..*»»**. --.US .  #i»«5>.  -»■ 


|R,  L,  0%  and  G.  .  j 

f  j- 

|  Several  different  methods  are  known  for  artificially* 

j elevating  the  inductance  of  cable  communications  circuits;  : 

.[  coil  -loading,  the  .use  of  ferromagnetic  windings,  -blmetalli-j 

*;  zation  of  the  conductors,  and  finally  the  use  of  magneto-  < 
£■  ...  A  ■ 
l dielectrics. 

f  • ,  ...... 

i  The • method  of  coil-loading  of  cable  circuits  has  \ 


!  been  most  widely  applied  in  cable  technology. 


|  4-2.  Electrical  Design  of  Coil-loaded  Cables 

|  , 

j  Coil-loading  consists  in  connecting  coils  of  IndU' 

I  ■ 

I  ctar-ce  Lc,  into  the  circuit  at  definite  intervals  called 
lb 

|  loading  steps  S  (Fig.  4 -3a) . 
i 

A  coil-loaded  line  is  nonuniform  in  its  general 

i 

|  form,  since  uniform  segments  of  the  cable  alternate  with 
1  induction  colls  having  quite  different  properties.  It 


1 10 


;^w '■K.' 


«av--'  wagiv  %iyrxr'*.»e(-rj 


1  becomes  a  circuit  with  a  periodically  recurring  nonunlfor-  j 

raity  when  the  distances  between  the  coils  are  equal  over  l 

|  the  entire  length  of  the  coil -loaded  line.  In  order  for 

!  a  coil-loaded  circuit  consisting  of  an  Integral  number  | 

|  •  :  { 
|  of  identical  links  to  present  an  electrically  uniform  ays-  I 

f 

|  tem,  it  must,  be  terminated  at  either  end  by  either  a  load- 
j  ing  half -step  3/2  (Fig, 4 -4a)  or  e  half-coil  Ig/2  (Fig.  4-  j 
I  4b),  '  j 


In  existing  coil-loading  systems  for  long- distance  } 

communications  cables,  S  is  0.28b  to  1.7  km.,  and  I<~  «  1.75 1 

to  140  millihenries.  A  segment  of  the  line  one  S  in  length 

and  Including  one  coil  L,^  (Fig.  4 -3b)  is  called  a  coil  -load' 

*  5 

ing  link.  Electrically,  the  coil-loaded  line  is  analogous l 

'  f 

to  the  low-frequency  filter  (Fig.  4 -3c) .  It  passes  a  \ 

\ 

definite  low-frecuency  spectrum  (the  "pass  band1')  and  j 

| 

j  holds  back,  high  frequencies  (the  "attenuation  band").  j 

This  characteristic  is  a  major  disadvantage  of  coil-load-  j 

•  i 

ed  cables.-  The  cutoff  frequency  of  coil-loading  (0,:)  may  I 

be  found  fi*om  the  expression  j 

2 


Ur  j/lx,  * 
v  CjL,.(Q 


(4-6) 


1— zv  (link) 


where  L  .  and  Crv  are  the  inductance  and  capacitance  of 

2*  V  55  V 

the  coll -loading  link. 


Ill 


l 


$ 


i 

| 

i 


f 

Coil -loaded  circuits  are  calculated,  by  the  formulas  j 

f 

which  follow  for  the  pass  baud  from  0  to  *  ,  • 

a)  Attenuation  J 

The  attenuation  of  a  coil-loading  link  '.( 


VC 


5,  where 


Vi 


(4-7) 


K 


*)  jf 


a  x  ~ 


.  i  0 


h2) 


*+y*H-i  | 

and 


4, 


In  turn,  '??  -  , 


HesKtitC^i 

01 


|  where  4)  and  GL  are  the  theoretical  and  cutoff  frequencies  f 

|  3 


j  of  the  cable  and 


i^o 


? 

,  /  .  /?,  1  V  35  ,  ^  j«  |  /  /  i  «\ 

|/  T-+TK.-t--nr^  r-f  (18) 


|  |  In  (4-8).,  0#  ”  -ev  -  link  J 


I  -  i 

{  where  quantities  with  the  subscript  av  have  reference  to  { 

I 

I  the  coil-loading  links 


Ru=RS+r^  lm=ls-$-ls; 

Cj,  —  CS  -p  Cs;  Gjt  =  GS  +  Gs; 


i  fss 

Aw 


ZV 


link 


U 


J 


ur  •n,i~r' w*;  .^t .  •k'-.  -.'-am 

rsjrr*'"-imr>*"  -■*■> -rw*  ‘-r 


l,t  (2 1  0  II  /u,  ^-><5*  ^S~  ti O C 03? ail*i?l/ 

pa par.  e  tars  of  the  CcVble  at k’  coil)* 

(par  kilometer) 

The  attenuation  eonatant^ci  the  coil  loaded  oahle 

is  determined  fxom  the  expression  o  __  __M> 

■s  1 1-“';; 


and  sines  ir  the  frequency  epectru*  of  interest 

tc  us  052<y/<1,  parr  meter  f(~z ) % 

then 


112b 


«**«**• 


;%£-■  -  W.&-’ ■  * ■  T#* *'•**■■  '<%*>*■-  ’■**■!*  -*13,«5:  ( 


It  is  more  convenient  to  use  a  somewhat  modified-  f 

<  | 

expression  for  calculation  and  analysis  of  attenuation  in  * 


ccil-lcaded  circuits. 
Designating 


1  wf 


obtain  after  modification 


Lq gi* 

'  ^  ir 

'7tV 


.9  wo 


p==-“~  K(CS-|~Cs) 


4  «'w-r  ,V1T 


J  _ _ 4 _ _ _ 

1  5  v®  —  i  As  A  <9  f/*i3  — -  i 

[tg  =  tan] 

Since  the  capacitance  of  the  cable  CS  &  0g.»  the  capacit¬ 
ance  of  the  coll,  and  the  former’s  inductance  LS  <  Lg, 
the  inductance  of  the  coll,  the  expression  for  the  attenu-j 
ation  of  the  ccil-lcaded/ circuit  finally  takes  the  form  j 

2_JL  ^  :  ! 

ft  '±  D(* 9 _ — l1 - l-  - — 4- - .neper  a/km,  j 

p—  <4 /<c^  /^rr  1  $r&~i  n  s/v*-i  i 

(4-10) 


|tg  =  tan) 

where  tan  £  -  ' and  tan  §  ~  G/&C  are  the  electrical- 


j  Iobb  factor  In  the  coils  and  the  dt 6 1 6 o t r  1 c  io  s  s  i actor  | 

*  k 

i  i 

1  in  the  cable,  respectively.  j 

|  As  a  result  of  the  fact  that  CS  )»>  C„  and  LS  ^  L  ■ 

} 

1  the  cutoff  frequency  of  coil-loading  fQ  may  be  expresse  t 


co  t:5 


■  •»'*  i<  -n*ter.  .»W  •- * t**** !3WWtt  •••#•’*»•  '*f#- 

I  with  .-the  same  degree  of  approximation  as 


‘V- 


Ztf, 

and  consequently 


VXC» 


V  Tscs 


(4-11) 


*>  \r~LsCS 


It  should  be  noted  in  analyzing  Formula  (4-10)  that  jj 

— >.e-rP  i  g  a  -ft  •  S 

2  «  —  ?R  >  rs  i  ro* 


|  it  consists  of  three  parts s 
of  which  the  first,  ft  --  Jfi  PCS 

V  ft  A 


v2 


! 

] 

character- ? 


rV  —  i  x 

I  izes  attenuation  due  to  electrical  losses  in  the  conductors 


and.  other  metallic  parts  of  the  cable  (lead,  amor,  screens 


i. n g ,  etc*)  j 

idfts 

the  second,  d,,  — ~  >  deline 

<o  <*  V  u2 _ 1 


s  the  a.ttenua- 


i 

O'  r  r - i  .  I 

tion  due  to  electrical  losses  in  the  core  of  the  loading  j 


|  coil  (in  eddy  currents/  hysteresis,  etc); 


the  third 


iAl'*  is  $  i 

r~  — yZLzzsjz-r  denotes  the  attenua- 


tion  due  to  dielectric  losses  in  the  cable  insulation 


(dielectric  losses  in  the  loading  coil  may  be  disregarded) j 

\ 

.( 

< 

b) Phase  Constant  j 

i 

The  phase  displacement  of  the  loading  link  is  de~  j 

I 

termined  by  the  formula  \ 


sin  a 


2tj  V  1 


K 


(4-12) 


1 14  — - 


l  -  *>**•» ,  *;  .•■'*)  JKH-W*  *•*  '/TtftfNVfr ;  »«.rt A'-vnr^:!  V  ' 

por  the  frequency  spectrum  in  which  0.2  <•  1> 


sirirt  =  2ij  r  1—T* 

(4-13) 

The  phase  constant  (the  phase. shift  per  kilometer) 


Tradians/krrQ 


(4-14) 


i  4 

l  c)  Characteristic  Impedance  j 

|  J 

I  .  fphe  characteristic  impedance  Z  of  a  coil-loaded  :/ 

|  .  .  | 

|  cable  depends  heavily  on  whether  the  circuit  is ■ terminated  , 

I  in  a  half-step  S/2  or  in  a  half-coil  L*,/2.  If  both  ends  J 
j  ■”  -  **  .  s 

I  of  the  line  are  terminated  by  -  half -steps,  then  ,  | 


/*?» 

/ 


t.  (I—  if) 


(4-15)  I 


|03i5  =  zv  *  link]  •  '  "  '  j 

|  if,  on  the  other  hand,  both  ends  terminate  in  haxt -coils,  j 


Zq, = |/ •£".  fc'  •? 


4-16) 


|[aa= zv  =  linkl  .  j 

|  Figures  4—$,  4—6,  and  4-7  Sive  typical  frequency  | 

j.  curves  of  the  attenuation  jS^  [l  -  coil-loaded]  ,  the  phase  | 
constant  *0,  and.  the  characteristic  impedances  Zfi/g  and  j 

^  _ 0.-1  -  1.4.L,  .  i  ■  ■  


--I . V<svv*»*  *i,*i *«  •  -sr-i  r*r jpM*  ■  ft*1,’'  *&r  '»'«ar«*  •<V¥e^-'  ’««■ 

and  Z-r'  /r.  for  a  coil-loaded  cable  as  compared  with  the  j 

uf  c  ^  ; 

analogous  curves  for  a  non-coil-Ioaded  caoJe  ^  * 

The  frequency  curves  of  the  separate  attenuation 
components  &q  ( paper  S  tyre  flex  A°r  r"  v'oi  j 

loaded  cable  are  illustrated  in  Pig.  **-k.  \ 

It  proceeds  from  the  curves  shown  that  coll.-loading 
reduces  attenuation  by  a  factor  of  2  tc  3  over  a  rather  j 

wide  frequency  band.  Only  at  frequencies  near  cutoff  > 

(0ft)  and  higher  does  it  increase  rapidly  and  even  surpass  < 

v  0  j 

that  of  non -ceil -loaded  cables.  | 

this  demonstrates  the  common  nature  of  the  physical j 

} 

properties  of  coil -loaded  circuits  and  filters.  j 


i 


Pip-,  ii-5.  Attenuation  per  kilometer  of  coil- 


loaded  {fip)  and  non-coil-loaded  (p)  cables ♦ 
Frequencies  in  the  range  from  0  to  0,  J  Wq  i*e<» 


116  — 


.«•)  vtrt*a#fe£fc'.M  ^y^sagiv*’;*  js.ifiwsew|wM*(i!:;* 


* the  rectilinear  segment  of  the  attenuation  characteristic^- j 

I  *  i 

fare  normally  used  to  reduce  amplitude  .distortion  in  trans-  ; 

C  *  **  ***  "  " 

jmisslon  over  coll—loaded  cables.  Thus >  if  'the  highest  fre- 

f 

jquency  to  be  .transmitted  over  the  cable  is  &max.?  the  coil-  | 

i  ■  £ 

(loading  is  computed  for  a  cutoff  frequency  =  1.43i^aaxi  I 

1  In  evaluating  the  specific  values  of  the  individual  . 

,  '  i 

| components' of  the  cable’s  attenuation, •  we  may  note  that  the’ 

| attenuation  in  th^,  metal  plays  a  major  role.  It  constl-| 

1  ■  •  l 


tutes  60-70$  cf  the  total  attenuation  of  the  cable.  The 
attenuation  due  to  losses  in  the  dielectric  amounts  to 
20-30$.  The  remainder  |Sg  is  ascribed  to  attenuation  in 

1 

[the  loading  colls.  .In  cables  with  high-quality  insula- 


* 

I 


.  .  ,,  ,  » >!  W.-  ■<  ■  W-wX5f*»  1KW"  ■  Vtt  £*'- ;*ssr»’ '  *  *«•»" 


\ 


ion  of'.'  the  -Btyroflex.  type,  the  specific  value  of  dielec 


mrMB:  -«3.3V jwntffr-Mte*--  -«-»■ 


I 


f  trie  attenuation  does  not  exceed  1  to  3#»  j 

|  it  will  be  seen  from  the  diagram  that  the  value  Ox 

j£  varies  most  sharply  with  increasing  frequency.  j 

1  ~  The  phase  constant  first  changes  comparatively  slowj 

‘  "  }■ 

j  iy,  almost  in  proportion  to-  the  increase  in  frequency,  «.nd  j 
j  then,  as  UQ  is  approached,  rises  sharply  to  the  value  TT  and 
j  thereafter  remains  constant.  The  phase  constant  of  the  j 
|  coil-loaded  cable  is  larger  in  absolute  magni  tude  than-  thi| 

I  . 

j  of  the  non-coil -loaded  cable  (V,  ^  *  ; 

!  The  characteristic  Impedance  of  a  coil-loaded  cable] 

|  | 

j  is ' several  times  larger  than  that  on  a  non -coil -loaded  | 

!  cable.  Vhen  the  coil-loaded  line  is  terminated  in  a  half-, 
!  sten,  the  real  part  ("active  component")  of  Z&/2  Soes  to  ^ 

j  infinity  with  increasing  frequency  (at  ft?  r  V>  and  ZL/2  j 
|  tends  to  zero  in  the  case  of  termination  by  a  half -coil,  j 


"<.ix~.^-  .  xvmUk  •'*« 


Pi  a.-  4-7.  Characteristic  impedances  of  coil- 
loaded  (zs/2,  Zj^/g)  and  non -coil -loaded  (Z) 


cables. 


Fig.  4-8.  Frequency  dependence  of  attenuation 
components  of  coil— loaded  ca,ble. 


IT  9 


GWi-w!*-** 


*  _ .,w  r-  st  v-t*xvr  ■*"  Kv**r'  vr  .n-jtc  *  •»  -v  ••  ;. 

-  - ^  J  .  'jr  -V.  ,••.■*.»  »ff..  .:  -.,v  '  ■  **.*W  -i<h  .«*■•!'  1  •*■«  .-*v  ■  ■  •"  r  ^ 

I  The  reactive  •  [imaginary!  component  of  the  chare  e  tor  ~f 

i  1b tic  impedance  (laid  off  or  the  negative  axis  of  ordinates;) 

1 

?  j  j,  Bma]  i  compared  to  the  active  component  and  to  no  greater 

1  than  3.0 f>  in  absolute  value.  ? 

Since  the  coil-loaded  cable  is  a  ciroui  c  witn  a  per- 
:  iedi daily -recurring  nonuni formi ty ,  It  3  s  extremely  .unpero- 

i 

|  ant  that  the  loading  links  he  identical  to  stabilize  its 
I  electrical  parameters.  First,  the  parameters  L  and  C  ; 

|  should  be  as  uniform  as  possible  over  the  entire  length  • 

|  of  the  line,  and,  consequently,  sc  should  the  inductance 

|  of  the  coils  and  the  length  of  the  coil -loading  step.  In  , 

}  „  ! 

|  particular,  so  that  the  deviation  of  the  vaxue  01  une  ] 

|  coll --loaded  cable'  b  characteristic  impedance  ’dll  rot  : 

j  exceed  &  5%.  it  is  necessary  that  a  tolerance  of  ±  he  j 

}  v  > 
j  maintained  in  the  loading  step  and  *  1.5$  in  the  coil  in-  j 

|  do stance . 

j  The  various  shipping  lengths  should  be  grouped 

|  according  to  the  value  of  the  capacitance  o  t>o  tn.it  at  . 

|  wm  be  uniform  in  the  separate  col]  -loading  lengths.  • 

|  The  highest  electrical  uniformity  of  tne  line  should  be  , 

\  provided  at  the  beginning  of  repeater  sections.  j 


4-3.  Selection  and  Calculation  of  Cell -loading 
System. 

Th*  Selection  of  a  coil-loading  system  is  dictated 


I  ?r. 


|by  the  problem  of  attaining  maximum  communications  range  .  j 

'  ! 

jin  the  specified  frequency  spectrum;  here  the  optimum  tran~j 

jsmlssion  conditions  are  to  he  computed  for, the  highest  fre- ■ 

i  '  ■■ 

jqueney  of  the  spectrum  to  be  used,,  Resign  of  the  system  \ 

|  ’  •  '  \ 

consists  in  establishing  the  loading  step  S  and  the  coil,  inf 

|  'i 

Iductanee  Le  that  provide  the  most  favorable  mode  of  trans-  ! 

I  •  P  \ 

[mission  of  the  specified  frequency  spectrum,  coupled  with  mill- 
*  .>  J* 

I  •  | 

fimal  outlay  for  coil-loading  of  the. cable.  In  first  apprcxi- 

f  •  ■  .  .  ! 

Imation,  the  electrically  optimal  system  may  be  determined 
|  '  I  -  •  '  1 

[with  the  aid  of:  | 

I  ■  t  ■  ! 

f  a)  the  .minimum-attenuation  condition  (41),  from  whiph 

l  T>r*  ] 

|La  -  tt~3  and  since  the  value  of  L~  is  related  to  the  coil-  I 

|  W  Of  ^  | 

[loading  step  S  and  the  coll  inductance  'Lg  in  which  we  are  > 
t  i  • 

[Interested,  by  the  relation  (the  rt degree  of  coil  loading")  I 

;  _  .  .  .  ) 

L°  ““  S' *  j 

|  then  ■  \ 

|  ;  il-Shf  (4-17)  ! 

S  -  o  I 

|  b)  the  expression  for  the  cutoff  frequency  (4-11).  j 

|  It,  rill  be  seen  from  Formula  (4-17)  that  the  optimal! 

f  •  J 

[Inductance  value  Lr,  may  be  attained  at  various  values  of  L„| 

i  u  *| 

jand  S.  Larger  values  of  S  and  X-j,  are  economical,  but  jj 

[cause  narrowing  of  the  passed  frequency  band.  At  low  val-  | 

|  | 

ues  of  S  and  L0  the  circuit  passes  a  wide  frequency  band,  > 

but  the  cost  of  coil-loading  the  line  increases  rapidly 
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due  to  the  email  step  S. 

It  follows  from  Expression  (4-11)  that  the  nee 


Ity  of  passing  &  definite  frequency  spectrum  (from  0  toC^) 

,  ■  | 

governs  the  value  of  the  product  LgS.  The  componen cs  Lg  j 
and  S  of  the  product  may  obviously  be  varied  for  a  sped-  j 
fled  value  of  ? 

It  Is  advantageous  from  an  electrical  standpoint  to  j 

i 

take  Le  — ^  CD  and  S — *0,  since  ws  then  attain  a  large  | 

O  $ 

value  of  Lrt  =  Lc/S,  but  this  solution  is  economically  in-  \ 

efficient.  The:  converse  version  (L0- — *~0  and  S— *-<»}  is 

E  | 

economical^  but  quite  unacceptable  electrically*  since  it  j 
does  not  provide  the  required  inductance  (Lq  =  Lg/S*^“0) .  | 

I 

The  practically  most  favorable  values  of  S  and  L'0  i 

^  I 

I 

a.re  determined  by  compromise  between  the  electrical  and  | 
economic  optima.  '  ‘  j 

The  electrical  optimum  is  found  by  joint  solution  | 
of  Expressions  (4-11)  and  (4-17)/  as  a  result  of  which  | 


2V« 

wf,  r  0 


(4-i8) 


il—  y  <£l 

*0c  ¥  k' 


(4-19) 


.where  tfh ' =  1.43 ft?  „  v  is  the  highest  transmitted  frequency,! 

\)  TTloiDC  ‘  | 

for  which  the  coil-loading  system  is  j 
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i  usually  calculated) 

|  r  (>,  c  are  the  parameter®  of  the  cable  * 

|  ■ 

jj  The  resulting  values  are  approximate,  since  they 

\  do  not  take  into  account  attenuation  and  losses  j.n  the 
=  coils — "factors  which  increase  substantially  on  high-fre- 
I  quency  multiplexing  of  coil-loaded  circuits.  Exact  values 
|  of  the  optimal  S  and  Lq  that  take  into  account  the  basic 

?  M 

}  .  . 

I  properties  of  the  cable  and  the'  coils  may  be  obtained, 

1  as  shown  bv  Engineer  Ye.  P.  Arzhannlkov ,  from  the  expres- 
\  ■ 

|  sion  for  attenuation  In  coil-loaded  circuits  (4-10) •»  £ti- 

j  vestigating  it  first  for  the  minimum  of  the  coil-loading 

j  step  and  then  for  that  of  the  coil  Inductance,  it  is  easy 

1  to  obtain  their  optimal  values t 


~"~4(~tg  £  ~Hg 


(4-20) 


gt 


3  "  MdKC 


RCS i 


(tg  tg. 


(4  21) 


j  [tg  =  tan)  MAKC  -  max] 

i 

|  p-Ig.  4-9  shows  the  attenuation  per  kilometer  fi  and 

a'  • 

|  its  individual  components  pRf  $g,  and.  as  functions  of 
I  the  coil -loading  step . - r 


123 
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■  '"m, 


'.Kfri^v'-iAmv  Sf*"!. r  ~  >S»  '■■.Vr/'  ‘  ■V.  &&'■«**  i?*r  ' 

the  diagram  that  the  losses 


It  v/tll  be  Bean  from  t 

( 
f 

,A  in  the  leading  coils  decrease  (due  to  their  diminishing  j 

j  ® 

|  number)  as  do  the  losses  PQ  in  the  dielectric.  However, 

I  the  losses  fiT.  in  the  cable  conductors  increase  with  in-  j 
'  creasing  S  and  the  coil -loading  effect  decreases.  j 


I 

| 


! 


| 


Fig.  4-10.  Attenuation  of  coil-loaded 
cable  as  a  function  cf  loading-coil  in- 


d'aatali?±,^llLii. 


and  Sa  -  consc 


I 

} 

l 


I 

i 


‘t 


; tv"****?*- 1?****-. i’W'aw.t;  .jsfv 
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J 

The  attenuation  of  a  coil -loaded  circuit  has  a  Biin-  j 

i 

imum  at  a  definite  value  SQ.  > 

Figure  4-10  shows  the  per-kilometer  attenuation 

i 

as  a  function  of  the  loading-coil  inductance  Lg  for  a  giver) 
step  S.  It  follow  from  the  diagram  that  the  loading  in-  5 


tab'* 


!  i-c« 


Fig.  4-11.  Dependence  of  optimal 
loading-coil  inductance  and  mini 
mal  attenuation  on  coil  losses. 


tg  »  tan 


i  ductance  also  has  a.  fully  determined  optimum  Lg^  corresponp 
J  ding  to  the  minimal  attenuation  of  the  cable.  j 

I  it  follows  from  Formula  (4-21)  that  the  value  of  j 

IV 

L ar  is  determined  not  solely  by  the  cable  parameters,  j 
£>0  | 

I  but  also  by  the  quality  of’  the  loading  coils— their  j 

I  '  l 

“active”  resistance  R„  and  inductance  Lg.  j 

o  j 

Figure  4-11  presents  a  typical  curve  of  the  optimal) 

.  '  i 

l  inductance  LeA  of  the  loading  coils  as  a  function  of  the  j 

I  '  OU  ^  | 

I  losses  in  them  (tan  e  •=  *S  ).  The  same  figure  indicates  j 
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j'r^''- ■‘.■••v.-w  y**.r*t>  W.WWsftW't!-  ■*»•»!*-  .*#■-**■ 

the  variation  of  attenuation  with  tan  fc.  It  is  seen  from 
the  curve  that  as  the  losses  in  the  coils  increase,  the 

/ 

optimal  inductance  value  drops  substantially  and  the  at-  j 
tenuation  of  the  coll— loaded  circuit  increases  accordingly «j 
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Fig.  4-12.  Coil  Inductance  and  attenuation 
of  coil-loaded  cable  with  styroflex  insulation 
at  different ‘values  of  S  and  tan  &  (f  =  108,000 
cycles?  d  -  1.2  mm) 

1—  tan  €  =  10. 6x10"^?  2~~tan  £  -  S.SxlO"-3? 

3— tan  6  =  2,6b>:1.0"3. 

A— Lg,  millihenries,  B — mlllinepers  per  Ion. 

|  C — kilometers 

| 

jj  This  is  also  illustrated  in  Fig.  4-12,  which  presents  the 

A 


results  of  calculation  of  a  cable  wi  th  dccn<iuetor  ~  i  r!m’ 


j  and  styroflex  insulation  for  f  =  108  kilocycles  and  dlf- 

Iferent  tan  £  for  the  coils. 

In  designing  coil-loaded  cables,  the  efforts  of  the 
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r'.v**1'-,.  v ■  -t  v^,-i:A.*.v,-> -tt.v1— . m< ‘  -i/w- ^  •  ^,j!y-jr:i£r ; ?  ;j*»»iSir£iv .w^&55*q;*c;  . 

|  engineers  are  usually,  directed  toward  the  attainment  of 

f 

f minimal  values  of  the  resistive  part  R„  end,  accordingly. 


l  of  tan  & 


The  maximum  L0  for  tan 

O 


0  is  expressed  by  th< 


formula 


'°|  JL^  JPAV*  4- &>  to  A  I  '*  ■  (>4-22)  I 

I  a  **jnmc  *&  1  1*5 


tan ;  MAKC  -  max] 


I  4-4,  COIL-LOADED  CABLES  I 

!  ,  | 

j  As  was  noted  in  Chapter  1,  coil-loaded  cables  be-  j 

{  ■?  5  i 

|  long  to  the . category  of  symmetrical  cables.  ? 

f  .  I 

|  They  are  classified  on  the  principle  of  frequency  j 

I  ••  | 

f  utilization  Into  cables  with  low-frequency  (ordinary)  and  i 

j  ■  i 

|  high-frequency  coil -loading.  Cables  with  medium,  light,  j 

i  i 

\  and  very  light  loading  are  low-frequency  types,  as  are  loaf 

i  l 

j  ded  radio-broadcasting  cables.  The  high-frequency  cables  j 
I  include  freauently -loaded  styrof lex-  and  paper-insulated  j 

S  '  i 

|  •  J 

|  cables,  which  are  suitable  for  multlpled  telephone  and  | 

|  | 

|  telegraph  communication  in  the  frequency  spectrum,  up  to  ] 

j  ? 

|  60,000  cycles.  ! 

I 

1  Cable-loading  systems  for  communications  cables  and| 
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to  Table  4-1 J 


1 1 . . MODERN  COIL-LOADING  SYSTEMS  EON  COMMUNICATIONS  CABLES 

2 — Coll -loading  system 
f  3 —  Coil-loading  interval,  km 
I  4— Coil  Inductance,  millihenries 
\  §— Tranemltted-frequancy  band,  cycles 
i  6 — CoramunlcatlouB.  system 
•  7 — Diameter  of  cable  conductors ,  mm 
[  8— Distance  between  repeaters,  Ian 
|  9— Number  of  telephone  circuits 
t  10 — Telephone  range,  km 
j  11—  Field  of  application 
|  12 — I,  Ordinary  loaded  cables 
j  13- -Medium 
1  14~— Light 
[  19 — Very  light 
\  16 — Light  radio -broadcasting 

|  17— Frequent  (cables  with  styroflex  insulation) 

I  18 — Frequent  (cables  with  paper  insulation) 

]  19  —  Symmetrical  cables 
|  20- — Coaxial  cables 

[  21—11.  Cables  with  high-frequency  coil-loading 
!  22— -III.  Non  loaded  cables 
i  2-3 — Four-wire 
|  24—' Two  -wire 

25 — Suburban  communications  and  short  sections  of  trunk 
lines 

j  26 — Copper  used  for  one* channel-kilometer,  kg 
\  27  -Long-distance'  communication 
j  28- -Radio  broadcasting 


\ 

I 


their  basic  characteristics  are  listed  in  Table  4-1* 
will  be  seen  from  the  table  that  the  loading  interval 
<5  s  1,7  la  for  ordinary  coil -loaded  cables.  The  coil 
inductance  varies  and  depends  on  the  frequency  range 


It 


in 


which  the  circuit  is  used. 


The  wider  the  transmission 


> 

1 


{range,  .the  smaller  will  be  L^. 

I  The  medium-leading  system  permits  transmission  on 


*•*■•-  ....  v,.  •  ■  .',  ■;,«.  ■'.»  ■  ■■■■•»>  *  j? 

one  audio  channel  In  the  frequency  range  to  2400  cycles  j 

with  a  loading-coil  inductance  h&  ~  140/5 6  millihenries  f 

(the  numerator  indicates  the  coil  inductance  for  the  basic  • 

circuit,  and  the  denominator  for  the  phantom  circuit).  j 

For  telephony  in  the' expanded  frequency  spectrum  in j 

use  at  the  present  time  (to  3400  cycles)#  the  loading-coil  i 

Inductance  Lg  =  70/29  millihenries ‘or 'Lg  =  100/70  millihenj 

ries.  '  | 

■  ! 

In  the  latter  case  only  the  spectrum  to  2400  cycles j 

■t 

\ 

passes  through  the  phantom  circuit.  j 

The  light-loading  system  (Lg  *  30/12  millihenries)  : 

permits  transmission  of  the  frequency  spectrum  to  5700 
cycles  with  multiplexing  of  the  circuits  by  a  single  acc-  j 

•  *  _  .  ■  *  ■  j 

essory  channel  (300  to  5700  cycles).  j 

.  '  f 

The  .very -light  loading  system,  is  intended  for  t  ran  ad¬ 
mission  of  a  14,700-cycle  range,*  this  makes  it  possible  j 
to  form  three  supplementary  communications  channels*  Here  j 

the  inductance  of  the  loading  coils  is  only  Lc  =  3*2  millif 

M  ! 

henries.  This  loading  system  has  not  been  extensively  f 

i 

useci.  ! 

The  length  of  the  repeater  section  bn  coil-loaded 
trunks  is  2  to  4  times  that  of  nonloaded  trunks,  and  amo¬ 
unts  to  140  tea  for  the  medium  and  70  km  for  the-  light  and 
very-light  loading  systems. 


■'  ».  '  -  i*K  .  'l,*:  ■*.  •  rf*  '  '■’rtspu.1)  wt*i  "  3**+  ■  **  ’  *•  '**'■'  *' 

1  Th*  frenuenev  nurses  of  attenuation  in  the  cat 3  ea 

j 

|  are  shown  in  Fig.  4-15  for  the  various  coil- loading  systems;-. 

;  Tables  4 --ft,  4-5,  4-4,  and  4-5  present  the  parameters 

?  * 

•of  loaded  cables.  I 

I  ; 

;  The  essential  shortcoming  of  coil -loaded  circuits  ! 

;  Jf 

|  It  limited  range  cf  communication;  here,  the  ultimate  com-  . 

} 

}  muni cat ion  range  diminishes  as  the  degree  of  loading  in- 
|  creases.  This  is  accounted  for  as  follows.  According  to  ! 

i  t 

|  the  MKX  (International  Consultative  Committee) ,  the  time 


for  propagation  of  a  signal,  from  one  subscriber  to  another  • 
must  net  exceed  t  “  fthO  msec  if  satisfactory ‘speech  quality 


|  is  to  be  maintained. 

I 

j  of  these,  t  =  ICO  msec  is  set  aside  for  corcamnica- 

|  tion  between  the  two  interurban  stations.  Ye  knew  that 
j  fne  velocity  of  propagation  of  the  electromagnetic  energy 

j  through  the  wires  is  determined  by  the  p a ram c ters  of  the 

| 

ft 

circuit. 

The  propagation  time  for  a  signal  through  e  1-lor. 

|  section  of  cable  line  is 


o 


w| fjjc 


\rLC 


[sec/ierj; 

.from  which  the  limiting  communications  range  is 

t  100 -103 


1-- 


\r  tc 


[ion]  . 


T 

4 


i 

f  '  ..  • 


Pig.  4-13.  Attenuation  of  cables  with  various.  | 
coil-loading  systems.  j 

1 — non. loaded  cable;  2-h medium  coil -loading?  '  j 
3 — light  loading;  V- very  light  loading;  j 

5 — frequent  loading.  | 

1— -3.,  nepers/mm;  2— f,  kilocycles  "•  .'  •  j 

It  is  obvious  that  as  the  parameters  1  and  C  be-  ; 

? 

V 

come  larger,  the  signal  will  proceed  through  the  line  morej 
slowly  and  the  communication  range  will  be  shorter,  it  j 

is  natural  that  in  cdii -loaded  cables,  whose  inductance  j 

| 

,  ff 

is  considerably  higher  than  that  of  nonloaded  cables,  the  j 
communications  range  will  oe  short..  As  will  be  seen  ircm  ^ 

Table  4-1,  the  communication B  range  on  nonloaded  cables  j 

£ 

exceeds  20,000  km;  on  lightly-loaded  cables  it  drops  to  j 
3500  km,  and  is  only  1-400  km  on  medium-loaded,  cables.  | 


,m  Gn&i 


*'•  ivv  v  IS.,*  •; "«fr. 


Table  4-2  } 


i  ' 


{7)napaMeTpM  KyuirfUSHponaHteoro  icade/if, 

0,9  jfAf;  cKpyiKa  jkhji  *iersepxofi  Jiri\  —  1 40/55  /?;«;  ~  1  700 


(k\ 

Ka<teA3»  XJSmtvfi/^  1 

1  700  M  (& 

,^i*<iTyu:KS 

£l  _ 

fpp?*  oKOHHatrRH  nojiym&rom 

f* 

r*  i 

Kf) 

fc)  %, 

~li8in  ?» 

w  ®*  1 

^  MX  MO 

CM 

g>  ” _ 

($&)  OcHOBcas  uenb: 

L$  =  1#  MZH\  Cn= 

0  ,0335  mk0 

0 

87,72 

0 

7,8 

— 

_ _ 

|  803 

87,72 

0-973 

8,9 

18.5 

i  600 

120 

1 1  eoo 
\ 

87i85 

2,45 

10,4 

19.1 

l  750 

60 

(^)4*auioi£Hass  sent:  Ls~-  56  mzh\  C~- 

0,054  mk$ 

;  0 

43,85 

0 

3,87 

i  _ „ 

— 

— 

t  803 

43  SO 

1,539 

4,31 

j  18,2 

m 

i  ■-  70 

|  1.  600 

44  >05 

3, 15 

4,88 

j  19,0 

840 

!  .  30 

1  , 

PARAMETERS  OF  COIL-TEAMED  CABLE  , 

d  =  0,9  mm:  a u added  conductors  (DP) }  L«  =  -*-40/50  milli¬ 
henries;  S  "'1700  mj  t  =  +8°C. 

No, 

f,  cycles 
1700-m  cable 

Rlin*>  otes 

GlinkJ  *icr0inh05 
Coil 

Rr,  ohms  ■  • 

o 

l  is.  millinepera/km 
With  terminal  half -step 
z  coo  ^j,  ohms 

-k  sin  V >  ohms  .  ’ 

Basic  circuit:  L<,  =  140  millihenries;  C  =  0.033u 

Phantom  circuits  Lg  =  56  millihenries;  C  =  0.0,54  ^tfd 
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ft  s  "  ■'  *  ■ 

.,  vtefte C;-:  Vttrsiwr4  ’'MsflW^ :4^r^vt;  ’^W'/  f^i**'**' ■  43*^**^ '  "■?*'*'&-»  L  .. 

| 

i; 

Table  4-3  ! 


JftGTpSi!  nyfHHMSIIp0Ea!-IH.0r0  KftOCJItl 
WK4  qe'TBepicoft  7?<7:  =r  140/56  <*£«.;  Szz  1  700  m; 

d=-L-8°C 


1  700  m 


^e, 

°*  (Q 


"aafy)  s 
JKKJtlh*'  ' 


|  Katysaxa^ 

.0 
mJ «I*m 

f  om(9j 

^0\  .npa  «X0B’48BBW  KOJjyaisrofcf^,  J 


z  COS  f 


t  -C,/3it1 


4  OcitoBuas  aeiib:  Lr  —  140  mzh;  C  —  0,03.*)5  m* 


1 

2 

0  1 

36,21 

0  j 

7,80  I 

—  j 

ofs ; 

36,28 

1,031  | 

8,80  1 

9,2 

1  550  | 

3 

1,5  ; 

36,39 

2,048  i 

10,07  i 

10,1 

1  580  j 

4 

2,5 

36,57 

3,602  | 

12,50  | 

12,8 

2  240  i 

'( 

fij)  q>aiiTOMHafl  ueiib: 

aO 

li 

to 

Mm;  €  == 

0,0  >75  mk4s> 

5 

0 

18,11 

18,20 

0 

3,90 

- - 

— 

6 

0,8 

1,671 

4,33 

9,0 

775 

!  7 

I* 

1*5 

2,5 

18,29 

18,49 

i  3,317 

5,885 

4,80 

5,60 

9,7 

11,2 

815 

980  . 

PARAMETERS  OP  COIL— LOADED  CABLE  .  _  ..  ....... 

d»  1.4  rnm;  quadded  conductors  (DP);  !•«  =  140/bo  millx 
henries?  S  =  1700  ra;  t  **  +8°C  ' 

f,  kilocycles'  12)  z  cost,  ohms 

1700 -m  cable  '  13)  -z.flin$P,  ohms 

jo  __  otiKiB  1-4)  Basic  circuit *  1 4 o 


Blintc’  ohM 

0-.  .  j,  micromhos 
link/ 

Coil 

ohms 

■  O 


h  .  millinepers/km  ; 
with  terminal  half-step 

.  i  iij1);.-  fn'x>i-i  ty**&te**?‘  ■  r***t»r*mi<*  >**.  H*+*t«v&te*4**  +*  *  ******* 


millihenries j  C  =  0.0355^fd 
15)  Phantom  circuits  Lg  -  56  \ 

millihenries;  ! 

C  =  0.0575  ft fd  f 


•^r.iaaw*- 


.1  ;';4 


Table  4-4 

(3>  IIapa»«eTp&;  nynoHKsaposaKBoro  siaGeJisi 
HO, 9  mm;  crpyTKa  rsui  '  45TeepKofi  J7J1;  Ls  rr  30/12  jk?k;  ’5=  1  70041 

/=  +  *°C 


rf; 

1  /• 

2 

t 

L _ 1 

/j%)  K s3e*t  fl/mficfi  ls$k*iymha 

1  700  a:  1 

W~ 

P» 

jinenlKM 

i 

j^'ppK  oKoffnaiFKif  ncAytuarcM 

-c  , 

W  °*  * 

O  ^5  . 

jJ  MKMO  S  0  41^ 

Z  COS  f? 

:©  -  _ 

.sr  2  «?n  ?> 

(l$r)  OctiOBHi'A  ar r:i>:  =  SO 

Mzn;  C  =■ 

0,0535  j?jk# 

J  ;  0  * 

87,72 

0  I  5,24 

2  0,8 

87,72 

0,97S  |  5,36 

35,0 

770 

220 

3  3,0 

87,98 

4.X79  |  '  5,92 

37,5 

S0G 

70 

*.  5,7 

88,51 

3,565  !  7,35 

41,0 

1  100 

50 

❖  iHTOMna*  aenfa: 


^  -12  C 


:  0,054  ,*&*£$ 


43,86 

0 

2.C2 

— 

43,90 

1.569 

2,70 

35,0 

400 

44,2! 

6,576 

2,93 

37,0 

395 

44,73 

13.808 

3,65 

39,0 

470 

135 

40 

25 


PARAMETERS  OP  COIL-LOADED  CABLE t 

d  *  0.9  mm;  quadded  conductors  (BP) ;  L„  -  30/12  micro¬ 
henries;  S  =  1700  m)  t  =  *!"8cC  & 

No.. 

1.4)  Basic  circuits  L<.  ~  30 
millihenries: 

C  =  0,0335  /tfd 

15)  Phantom  circuit:  L0  *  12 


x*,  kilocycles 

1700 -m  cable 

R,  .  ,  ,  ohais 
link 

^link*  mlGromll0B 

Coll 

Rg,  ohms 

ft  f  millinepers/kra 
With  terminal  half -step 
z  cos  's Pt  ohms 
-z  sin  ,  ohms 


millihenries! 
C  =  0,054  f/Ltd. 


Boil  011  3 


■«."> -•4fsrr*m W4~^ “*■  #&*•&**  w . Hr, -•*'**'  -t^Ws. -*•***  • 

Table  H-5  I 


fM  RVRKKRSa 


•0  *m£le« 


|  (%)drjz  1,4  mm;  cicpyrKa  mm  capita*  17;  Ls~ 3,2  j»a»;  5=1  700  Jf; 


C  =  0.0395  -MX* 


.  t 


■L 


Cs. 


/« 


i  •**«  &)  R& 


r  )K3<k*7?s»  jumnoft 
^  1  70f>* 

fc 

&- 

Jf  sfJWO 


05? 


fh i 


|)H  OKOJi*J?KMB  tlOflJ'BHi'OM 


MKtnfKM  j  z  cm  |t 
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1)  P ammeters  of*  coil-loaded  CABLE  ) 

2}  d-=  1.4  mil }  paired  conductors  (P)$  Lc  =  3.2  millihenries* 
i  S  =  IJOO  metersj  C  **  0.03>5  &fdj 

'j\  Wa  ' 


S  > 
\ 


0  t  —  * 8°C 

11)  With  terminal  half-step 

12)  z  cod  tfs  ohms 

13)  -z  sin jf ,  ohms 


mlcromhos 


No 

4)  f%  kilocycles 
j  5/  1700 -m  cable 

Rlink>  ohms 

i  7)  allnk, 

8)  Coil  | 

9)  Rg,  dims  '  } 

10)  £  ,  millineperB/km  | 

Hot. 5  to  Tables  4-2,  4-3*  4-4,  and  4-5 1  R-ii nk  and  -  j 
1  r  are,  respectively,  the  ohmic  resistances  of  a  cable  ] 

I  circuit  of  length  S  (S  being  the  length  of  the  loading  \ 

%  I 

link  or  step)  and  the  colli  G]1nk  is  the  shunt  conductance | 
of  a  cable  circuit  of  length  S,  1 


13  6 


wt*  WTW* .  .>‘V«W*W»*t.'W 


’Kj*»4 


|  .  The  economic  expediency  of  using  a  given  loading  j 

|  system  is  determined  to  a  significant  degreee  by  the  copper! 


•  outlay  for  one  channel -kilometer  (see  last  column  of  Table 


j  4-1) .  The  utilization  factor  for  the  quads  in  the  low-  j 

f  •  5 

t  frequency  loading  sy aterrs  lu  comparatively  Eiftall.  Turee  J 

* 

|  circuits  may  be  obtained  on  two  ouads  with  medium  loading,  ; 
t  i  { 

}  and  six  with  light  loading  (in  the  four-wire- system,  taking 

|  phantom  circuits  into  account).  ■  .  j 

|  Thus  to  establish  a  large  number  of  circuits  on  j 

i 

truck  routes  it  be  comen  necessary  to  use  cables  with  cepa-j 
!  cities  as  high  as  213  pairs  (218  x  2) .  .1 

Figure  4-14  shove  a  typical  construction  of  a  112x2.j 

J 

cable  with  aluminum  conductors  for  the  ordinary  loading  j 

i 

system.  Its  Individual  circuits  are  loaded  in  accordance  j 

£'■  I 

with  their  functions  -and  the  required  communications  range!,. 


Four  screened  pairs  (105-108)  for  radio  broadcasting  are 
located  in  the  center  of  the  cable  (df,on(j  =  1*8  mm). 

Fourteen  quads  (d  ^  =  1.15  mm)  are  placed  in  the 


first  concentric  layer,*  of  these,  1,  2,  8,  and  14  are 
medium-loaded  and  the  remainder  light- loaded;  the  quads 
3-7  and  9-13  are  used  for  transmission  in  opposite  direc¬ 
tions. 

In  the  second  layer,  all  pairs  in  the  quads  15-28 


^cond 


1.8.  mm)  are  medium-loaded  and  used  for  audio- 


f  \ 

I  pt<4.  4-14.  Construction  of  112x2  cable.  • 
l  i 
l  frequency  communications.  I 


.  .  ■  '  I 

j  In  the  third  layer,  the  24  quads  29-112  are  very  { 

!  ! 

|  lightly  loaded.  ■  j 

|  The  quads  29-40  and.  41-52  are  Intended  for  trans-  ,1 

|  '  ' 

I  mission  in  opposite  directions. .  The  conductors  of  the  ; 

|  circuits  with  medium  and' light  loading  are  spiraled  in  the| 

1  I 

|  DP  scheme.  | 

With  full  multiplexing,  we  may  obtain  the  following! 


***  W-tt" 


,  tf  .ym,  •. ' 


-  * m:  ,  •* .  i*'**  ?***  "  • 


from  such  a  cable:  Jl  rail  o  broadcasting  channels,  102  light* 
loaded  circuits,  S  very-Ughtly  loaded  circuits,  and  54 
medium-loaded  eir-eui is. 

* 

« 

The  following  equivalent  conductor  dlametera  are  J 
used  in  similar  cable  construction;!  Kith  copper  conductors:’ 


Copper 

1 . 4  tern 
1 , 2  mm 
C .  •*  mm 


Ai  umitnrm 
1.8  mm 

1,5?  mm 

1,15  rn  n 


1-5,  Cables  with  High-frequency  I-oading. 

Modern  communications  technique  ia  developing  in 
the  direction  of  expanded  spectra  of  efficiently -trans¬ 
mitted  frequencies  and  increased  communications  ranges. 

As  applied  to  coil-loaded  cables,  these  require- j 

meets  are  found  to  be  quite  contradictory,  since  enlarge-  ; 

1 

merit  cf  the  transmitted -frequency  band  involves  a  lower  S 


degree  of  loading  of  the  cable,  with  the  result  that  the  j 
specified  increase  in  range  cannot  be  achieved.  With  high| 


frequency  multiplexing  of  ordinary  paper-insulated  cable,  ( 
the  coil  inductance  is  so  small  that  the  attenuation-re-  \ 

l 

auction  effect  thus  obtained  docs  not  justify  the  expense  j 
of  loading  the  cable  mains  in  many  cases. 

Therefore  the  tendency  toward  broad-band  multiplex- 


1  7 


ing  of  communications-  linos  has  resulted  In  practical  aband¬ 
onment  of  coil -loading  for  paper-insulated,  cables  and  even 
{of  artificial  means  of  increasing  the  inductance  of  caole 

^circuits  of  this  type.  Only  with  the  creation  of  high-fre- 

i  •  i 

Iqueney  dielectrics  have  new  prospects  been  uncovered  for  J 


increasing' communications  ranges  and  expanding  the  tr&nsmltte* 

{frequency  band  in  coil-loaded  cables  .  Thus,  for  example,  <  . 
i  ■  ■■  •  i 

styref  lex -insulated,  frequency -loaded  cables  permit;  of.  nighj- 
j frequency  multiplexing  of  the  circuits  in  the  range  extend -4 

I  i 

fing  to  60,000  cycles,  coupled  with  a  two -thirds  reduction  | 

l  ‘  j 

jcf  attenuation  below  that  of  non loaded  paper-insulated  aablbs 
I  I 

f  •  | 

■{While  the  repeater  section  is  35  Mm  long  on  ordinary  cable  * 

i  trunks ,  the  use  of  the  styr-of lex  cables  Increases  it  to  120i 


[tan  (d 


cond 


=  1.2  mm } , 


It  should  be  noted,  however,  that  the  use  of  the  new 


| dielectrics  in  symmetrical  long-distance  communications  cables 

!  .  .  jj 

{ is  efficient  only  when  the  circuits  are  coil  -loaded,  i.e. ,  i 

| when  their  primary  parameters  are  reduced  to  Relationship  {  . 
1(4-1).  Replacement  of  paper  insulation  by  styroflex  insula 4 

j  1 

| tion  in  symmetrical  cables  does  not  in.  Itself  give  a  marked 

j  ’  ■  I 

\ reduction  In  attenuation,  and  is  hardly  economically  expedient 

j  ! 

j  for  the  frequency  spectrum  transmitted  over  it  (to  60  or  ICjSke), 
1  The  merits  of  frequency -leaded  cable  with  Styroflex  I 


insulation  are  accounted  for  as  follows*  For  pack' 


ibo 


•  V J.»V  .A 


,-*X«W  -»*•**-.  Ktt,***  VW..-)  **  '  VK1 .  i/ViTWii+ewt’  “WW  AS* 

»fcad  insulation  tan  S  =■•  120  x  10*“'  at  a  frequency  of  60  kci 


th: 


while  for  styroflex- packthread'.  Insulation  tar.  j> 

10“\  or  one-sixtieth  ar  large.  As  a  result,  the  60-kc  atten 


in  only  2  x| 


j nation 

of  the 

styroflex 

cable  may  be  reduced 

S7  to  3 
f 

s 

yj¥i&* 1. . 

/pm: 

f 

t 

1 

v  $<im9? 

~V  m:tgecrJiUF.  f 

\ 

\ 

f 

-- 1- 

/!2CM(R  n  ~ 

'  2-10*  — 7»7* 

W  "id 

r  w 

■  pstyci 
*  tan  j 

-j  mu 

f  -  styroflex? 

(4-23) 


However,  the  value  of  x  =  ]rjj  =  30  (Fig.  4-2)  lnj 
| styrof Icx-lnoulatoo.  cables  and  the  actual  attenuation  is  15; 

I  times  optimal  (ffQ  ~  ^"“rg)  .  Ihe  artificial  introduction  ofj 
J  Inductance  changes  the  relation  between  the  cable  parameters, 

\  1  m.**^**  +-V.^  ^  4:v  -v  woVr.O  +*.V  > C-  flf/rOnilCiH  HH  Cif*  *hhi*  TiPhljO 


lower's  the  value  of  x  and.  makes  the  attenuation  of  the  cabty 

»«— r  mm 

approach  the  minimal  value  p^-  r  <y  FG. 


In  the  loading  system  adopted  for  styroflex  cable, 
the  coll  inductance  L*  -  1.75  millihenries,  the  loading  ( 

k> 

interval  S  2.65  m,  the  value  of  x  is  brought  up  to  9.5 
and  the  attenuation  is  reduced  by  two  thirds  ( fi/fo  13 

reduced  from  15  to  5).  By  increasing  the  degree  to  which  \ 

$ 

1 

the  styroflex  cable  is  loaded,  we  may  approach  even  closer  | 


[  ing  the' losses  In  the  loading  colls),  tut  this  is  not  just-] 


i  Ified  economically, 
s 


Pig.  4-15.  Attenuation  of  cables  with  high-  j 
frequency  loading..  j 

1 — nonlo&ded  ,f>aper-*lnsulated  cable  j  S^-ncri-  j 

j  loaded  -styrof  lex-insulated  cable?  3— loaded  f 

|  .  paper-insulated  cable,  4 — loaded  styroflex-  | 

insulated  cable.  •.  ' 

I  J 

I  l)  jS  ,  milllnepers/fcm  j 

|  2)  Attenuation  in  metal  ] 

I  3 i  Attenuation  in  coil  \ 

I  4)  Attenuation  in  dielectric  •  j 

j  5)  pt  milicnepers/km  j 

j  6)  f,  kilocycles  I 


I 


Figure  4-15  and  Table  4-6  show  frequency  ■  character-] 

[ 

Istica  of  the  attenuation  components  for  paper-  and  styro-^ 

flex-insulated  cables  at  60,000  cycles,  with-  coil -loading  f 

■  '  | 
and  without  it.  The  conductor  diameter  is  1.2  mm.  The  J 


•V*‘  V 


ww-  WWi  Jfc'i-A  t  «»  .1  .‘-V*». 

»r>  m 


| attenuation  values  for  non loaded  cables  with  paper  (1/  and  j 
ptyroflex  (2)  insulation  confirm  that  the  latter  gives  nc  ( 


kppreciable 


Table  4-6 


CocTftB/tfcsoutHe  a  .mmfttM  ®  p.'OJWHW’t  Tanax  icaSeae# 

(J)  '  ups  uaryore  «0OO3«if 


1  $£<!  ’#£■'/* 


e 


fj?  I  Py  ! 


^  p 


// 


'Sfiymiummvpadvhitk  jzIzhi*  c  $yua%no{i  kso  | 
flaiiseft . .  ’ . W  134,5 


nynPKH.wpoaaurHft  o  tiyitmaoZ  EsatasuielyCf  61,6 

CO  cTUpO^iJIftiCCHOfll  F30-  j 

iA»e#'to . .  ■  •  •  •  i  «»•« 


VPP*' ■'  *  "  ■  f 

flyRHKM#^o%wuri!ft  rc  CiHpcxjweKCwoH  aacjia*  J 


4!,  2 


j  18,5 

6,8  j  ?0,6 

—  j  0,2 

0.0  i  0,8 


fl&tiec: 

153,0 

102,0 

130,2 

51,0 


t 

ll  ATTOUATTON  COMFONEII^’S  (in  millihettrles/lau)  FOR  CABLES  i 

‘  OF  VARIOUS  If FES  AT  A  FREQUENCY  OF  60,000  CYCLES  S 

2)  Type  of  cable  j 

3)  £  ( co tel)  _  1  1 

4)  Non loaded  paper-insulated  cable  I 

5>  Loaded  paper-insulated  cable  t 

6}  Nonloaded  styroflex-insulated  cable 
7)  Loaded  rtyrof lex-insulated  cable 


effect  without  the  use  of  artificial  inductance,  Comparl-j 

) 

sou  of  Curves  1  and  3' testifies  that  for  paper  insulation, j 
coil-loading  reduces  attenuation  by  only  40  to  50$.  It 
follows  from  Curves  1  and  4  that  at  a  frequency  of  60  kc, 
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coil-loading  combined  with  the  use  of  styroflex  insulation  j 
reduces  the  attenuation  by  a  factor  of  three'  (from  153  i 

millihenries  per  km  for  nonloaded  cable  with  paper  insula-  ■. 

i 

tion  to  51  millihenrlee/km  for  frequently -loaded  styroflex j 

.  i 

cable) .  .  ! 

*  ^  e 

Frequently -loaded  paper-insulated  cable  (S  “  425  m>  ' 


La  -  1  millihenry)  have  not  been  accorded  extensive  ap- 


plication*  ■  v  f, 

i 

s 

Type  TZSB~4x4~1.2  styroflex-inaulated  cable  (Fig, 
4-l6)  consists  of  four  quads,  each  of  which  Is  spiraled,  j 
The  conductors  are  insulated  with  styroflex  packthread  I 


and  tape.  Paper  strip  insulation  is  applied  over  this. 

For  convenience-  in  assembly,  the  conductors  are  distingu¬ 
ished  by  the  color  of  the  packthread,  -and  the  fours  are 
wound  with  colored  triacetate  thread.  The  protective  lead 
shield  is  armored. 

The  loading  coils  are.  assembled  in  small  boxes. 

The  design  data  of  Type  T2SG~4x4-1.2  cable  are  . 
given  in  Table  4-7*  Cables  with  3x4  and  7x4  capacities 
are  also  manufactured. 

The  lays  of  the  quads  and  the  electrical  data  of 
styroflex -insulated  cable  are  listed  in  Tables  4-8  and. 

4 “9*  The  characteristic  impedances  of  closely  loaded 
cables  with  styroflex  and  paper  insulation  are  shown  in 


‘■■s! 
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[Fig,  >4-7.  ’ 

|  The  limiting,  corivuniot. tlons  range  on  close-loaded 

I 

I  styrof lex-insulated  calf  e  in  consi  derably  greater  than 
I  that  on  cable  with  low-frequcncy  loading,  ar.d  reaches 

f 

|  6000  kni  with  t  =  100  wf-ec  (Table  4-1) . 


3 

,  waft.  .  jw:£\  JK'imsZ'*} 

i  >  ■  y  ■ 

/  -  ...  ■■■ 

/„  JIMf  M>;B 
.< . .  / 

*-  / 


#  1  to  1  x. 

IX*.  ’*• 


v  iSt^  / 


| 

Fig*  4-16.  Design  of  TSS-4x4-1.2  | 

styrof lex-insulated  cable. 

a)  Cable  conductor  with  Styroflex  j 

insulation.  1— conductor  (d  =  j 

1.2  mn) ;  2 — styroflex  packthread;  j 

3 — styroflex  tape;  d)  Spiral-four  _  | 

form  of  styrof lex-insulated  cable.  j 

i 

Figure  4-lc  shows  the-  attenuation  of  cables  with  | 
paper  and  styroflex  insulation,  without  the  use  of  coil-  j 

l 

loading,  in  the  frequency  spectrum  to  300,000  cycles.  It  \ 

I 

will  be  seen  from  the  diagram  that  in  the  high-frequency 
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:  ■  mm  b  Koa»<!ecTBe  0,4— 0,6% .  .  .  ♦  • 


r 

j €MM  T3CF-4 ' 
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j  KcRGTpyKSlM 

Ks>it  $m* 

1  fLc *C 

1 

{  mm 

(w _ ! 

V  Rs.-j'^v 
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T"  ~  ^ 

1X1.2 

!  1,2 
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;  2,8 
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|  2,9 
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1  i  0 » 5 

.  1 
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Hifiro  - 

(B) 


I  l)  Copper  filament 


i  I  168  a,v 

1  ^ 

} 

* 

> 

-  0,8  mm  j 


|  g}  Spiral  winding  of  styroflex  packthread  with  0  »  0,8  mm  | 
j  and  a  lay  of  6-8  mm  ■  •  •  ■  _  [ 

|  3)  Winding  of  styroflex  tape,  (10  to  12)  x  0,0p  ram  with  | 

1  ’  a  plus  overlap  of  25-35$  I 

|  4)  Pour  spiraled  conductors  with  spiral  winding  of  si Ik.  | 

I  Steo  of  winding  19-22  mm  I 

1  5)  Final  t-'oiraling  of  four  quads,  lay  =  350  ±  10  ram  | 

1  6)  Strip  insulation  of  four  cable-paper  tapes  0.18  mm  thic*c 
!  7)  Lead' sheathing  with  admixture  of  0.4  to  0.6$  of  antimony 
|  8)  Total  '  I 

f  9)  kg  .  , . .  ! 
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l  DESIGN 

DATA  FOR  TZSO~4x4  CABLE 

11] 

1  No. 

12] 

1  Design 

ation 

13] 

1  Config 

uration  or  radial  thickness,  1 

14 

\  Outsid. 

e  diameter,  rnra 

15l 

LEsISfei 
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Table  4-8  .  f 

ckoyykm  ft  mars.  w«TKoft  Kixvu  &  Ka6e*e 

«*  **  M  a  V  .If 
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3?)  9jioi«Hr 


i  _  UJart  cKpyTs;i»* 
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liter  *-wt«i#citaii  uner « of- 

HI’TH,  JKjK 


Metstspica  A%  1  .....  • 
12  ;.-... 
1  ■  J&  3  .  .  .  .  .  . 

j  M4  .....  . 


i?0  ±  5  '  |(^pXpacnafl  17,0.  . 

2^0  ±  6  MCnm»  2a, 5  .  .  . 

175  £  5  W3e^eHa»i  19.0.  . 

125  ±  5  p>Kc,nra»  15,0  .  . 


?  1)  SPIRALING^  LAYS  AND  LAYS  OP  APPLICATION  OP  COLORED  j 

!  THREAD  IN  TZSB  4#4  GABLE  .  \ 

j  2}  Quad  | 

«.  3)  Element  ;i 

I  4)  Spiraling  Lay,  .ram  I 

}  5)  Lay  of  application  of  colored  thread,  mm 

6)  Fed  17.0  ■  ; 

|  7)  Blue  21.5  : 

j  8}  Green.  19*'  > 

|  9)  Yellow  15.0  j 

j  Koto:  The  quads  are  spiraled  left-hand.  The  final  j 

twist  of  The  cable  is  rf£ht -handed  with  a  lay  of  350  ±lCtam 

[Key  to  Table  4-9  -next  page]  I 

|  j 

(  l)  Loop  resistance  { 

|  2)  Difference  between  resistances  of.  conductors  in  pair  ; 
I  3>  Insulation  resistance  | 

|  4)  Effective  capacitance  '  ( 

j-  a}  rated  } 

I  bj  maximum  deviation  I 

|  5)  Capacitive  coupling  j 

i  ’  k,  maximum  .  j 

1  let'  average  » 

f  k^-kf-o  maximum  ] 

j  kg-kh  maximum  j 

e?.  -ei  maximum  ( 

|  6}  Modulus  of  magnetic  coupling  within  and  between  quads  j 
j  7)  Test  voltage  j 

1  8}  Index  j 

9)  Frequency,  kc.  j 

10)  Unit  of  measurement  . 

jjKey  continued  on  Page  l4-9j _ j 
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HoMcp  rpy./uu 


H 

'IJ 

r 

V 

V! 

V« 

via 


m 


j-  vpPAuPa  picosaa  surocrh  B^ex  nap 
:  B  OAHolt  C  rp:HiT*'J(b^oa  JMMKC  {H&KM) 


22,70 
S2.#l- 
21,1 1  — 
?3,31- 
21,51- 
2-1,71— 
21,91 
24,11 


22.90 
2.1,10 
21,. 10 
21,  SC 
23.70 
•2,3,00 
-24.  tO 
*24, o() 


[Key  to  Table  '4-9  (page  148),  continued] 

11)  ELECTRICAL  INDICES  OF  TYPE  1ZSB-4x4-1.2  STYR0FLEX- 
INSULATED  CABLE  AT  t  «  20°C. 

12)  No. 

13)  Norm 

14)  Length  to  which  norm  refers,  m 

15)  Conversion  factor 
1.6)  For  length  1,  meters 
1 7 ;  Fc r  i -rr?  perat ur  3 

IS i  x  120  v  (?) 

19)  ohms /km  ' 

20)  ohms  .  s 

21 I  megohms 

221  nanofarads 

23)  JU/itd 

24)  nanohenries 
effective  volts  for  2  minutes 
Notesi 

1.  The  magnetic  coupling  modulus  is  computed  as 


rr 


M  = 


a  2  ? 

vn*  ^ 


f  12r| 


with  r  in  mohms  and  m 


in  nanohenries. 

2.  The  cables  are  classed  into  eight  groups  in 
accordance  with  the  value  of  the  average  ef 
festive  capacitance: 


27)  Number  of  group 

28;  Average  effective  capacitance  of  all  pairs  in  one 
shipping  length  (nanofarads  per  kilometer) 
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I 


Pig.  4-17-  Characteristic  Impedance  of'  cables 
with  high-frequency  loading. 


styrcf lex  insul ation ; 
paper  Insulation. 


I5C 


Fig.  4--18.  Attenuation  of  unloaded  cables  with 
■^aper  and  styroflex  insulation. 

l)  d  =  1.2  nun*  paper  insulation  j  2)  d  =  1.2  mm, 
styroflex  insulation;  3)  d  =  0.9  mm,  styroflex 
insulation. 

4  —  ,  [milli]  nepers  par  km 
5—f,  kilocycles 
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|  •  & 

i  region.'  (25Q  kc  and  higher)  the  use  of  styroflex  becomes  j 

|  efficient  even  without,  coil-loading,  j 

!  At  a  frequency  of  18©  kc,  the  attenuation  of  styro-  j 

i  .  - .  i 

f flex-insulated  cable  with  conductors  0.9  mu  in  diameter  Is  I 


| 

Fig,  4-19 «  Change  In  attenuation  Ab  with  a  \ 

line  length  of  1000  km  and  a  10° ~C  tempera-  | 

ture  increase,  | 

1 — nonloaded  line  with  paper  insulation j  2 — close- 

loaded  line  with  styroflex  insulation;  3 — close- 

loaded  line  with  paper  insulation.  .  ! 

£ 

4 —  kilocycles.  I 

5 - -nepers  .  j 

equivalent  to  the  attenuation  of  paper-insulated  cable  wit}| 

J 

a  conductor  diameter  of  1.2  mm,  '  | 

1 

A  major  advantage  of  styroflex  cable  is  the  non-  j 
dependence  of  the  electrical  data,  on  temperature  factors.  j 
It  will  be  seen'  from  Fig.  4-19  that  when  the  temperf 
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4-6.  Load inn  Coils 


The  leading  coll  -  is  a  dared  ring-shaped  core  of 

circular  or  oval  section  wound  with  insulated  copper  wire  * 

1 

(Fig.  4-20).  '  j 


Fig.  4-20.  Construction  of  loading  coil, 

1^  core 

i  2)  winding 

i 

c 

|  Loading  coils  must  be  characterised  by:  l)  stab- 

|  llity  of  the  specified  inductance  value  and  other  para- 
|  meters  j  2)  minimum  active  looses  ( tan  C  — 0)  j  3)  minimum 
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(nonlinear  distortion?  4)  simplicity  of  construction  and  J 
I  minimal  dimensions  and  coat.  i 

i  ;  t 

S'  , 

I  To  meet  these  requirements,  pax’ticule.rly  in  the  ; 

!  ‘  "  I 

j  high-frequency  region,  the  ceres  of  xoadi.ig  coils  are  usu-  j 
I  ally  made  of  a  magnetodielectric/  The  latter  is  a  pressure- 

|  ...  ■  .  .  •  '  '  i 

>  formed  mixture  of  grouud  particles  of  a,  ferromagnetic  mat-  ; 

J*  ■..'■■  | 

|  erial  and  a  dielectric  which  serves  as  a  binder.  Such  | 

I  ferromagnetic  materials  as  electrolytic  or  carbonyl  iron,  | 

I  1 

I  nickel  allovs.  molybdenum  permalloy,  and  alsifer  are  usu-  j 

i  ■  "  '  ‘  .  ^  .  •  i 

|  ally  employed,  with  po.lystyrol,  bakelite  resin,  shellac,  | 

|  and  other  high-quality  dielectrics  as  the  binders.  I 

I  .  ”  .  .  | 

l  The  finer  the  grains  of  the  ferromagnetic  powder,  | 

[  •  1 

|  the  smaller  will  be  the  losses  and  nonlinear,  distortions  j 

|  '  .  | 

I  3^  ths  ooi*6#  However,  reduction  of  the  gr&in  reduces* 

J  | 

f  the  magnetic  permeability  of  the  material,  and  it  is  nee-  j 

j  essary  to  choose  the  appropriate  variant  id  each  case  in  j 

■  ! 

I  calculating  the  loading  colls.  I 

I  "  ■  •  I 

i  The  basic  data  of  the  magnetodielec tries  used  to  | 

I  '  ^ 

l  fabricate  the  cores  of  loading  coils  are  listed  In  j 

|  | 

Table  4-10.  I 

.  | 

The  coil  winding  is  made  from  copper  wire  .0,6-0. 8  \ 

I  '  I 

I  mm  in  diameter,  insulated  with  cotton  thread,  silk,  or  j 

I  | 

j  vinlflex.  Wire  (litz  wire) • consisting  of  a  large  number  | 
I  of  fine  insulated  wires  0,07-0,1  mm  in  diameter  is  used  j 


rnw.m*& 
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Table  4-10  j 


QMiHue  nijwaeTpM ^MarKaToiiKtJieinp'Httos 


AH9WMe«o^ai!P«  MarepKa/a 


ITepMajwoft  74180 
T4-89 
B  B4-30 
B'4-20 

A/ibCH^ep  14-69 
.  R4-30 

B4-20 
.  B4-8 

P'4'9 

noubJiuen-  j 
Hoft  craGM^bHOCTM  / 

I  Kap6ouHabitoe  wejieao 
i  ManieiKT  .  ,  .,  . 
i  2%  Mo-nepMa.i.iofi 
!  2%  Mo-nepMaaaoH 
2%  Mo-nepstaaaoft 


T4-50 

B4-2C 


Kap6o-  \  .  .  . 
HHJlbHCe  |  .  .  . 


I  HiVJiQ 30 


Permalloy  TCh-180 


Altsifer 

ft 

W 

ft 

it 


r 


3 


TCh-80 
VCh-30 
VCh-20 
T0h-60 
VCh-30 
VCh-20 
VCh-8 

RCh-9 

Stabilised  aleifer  TCh-50 
!l  "  •  VCh-26 

Carbonyl ' iron  (Key 


i 

i* 

'  »■  unit  jimwm* 

@> 

4- 16* 

( f"'  *<i) 

• 

(if  -108  j 

i/«=H  if'W.  j 

hn  -HP 

1-200 

1  400 

12  : 

2,0 

i—8o 

60C  ; 

6 

1,5 

i—33  : 

50 

1,8  1 

1,9 

—21 

15 

1,0 

;  i.o 

*—05  ! 

200 

4,0- 

!  1,5 

1-33 

50 

1,8 

1  1,0 

-21  : 

15 

1.0 

!  i,o 

:-9  | 

25 

0,3 

!  0,5 

-10  1 

4 

0,6 

1  0,6 

50 

200 

2,0 

1,5 

26  ! 

50 

0,9 

!  l,o 

l~I0  J 

3 

0.4 

!  0,4 

*—9 

10 

1,0  ’ 

!  0,5 

125 

380 

4 

j  0,6 

26 

■  32  J 

0,8 

i  0.4 

14 

16 

0,36 

1  0,32 

60 

|  670 

1  5,8'  ! 

!  2,9 

4a 

i  H  I 

3,6 

1,3 

12 

!  2,5 

0,13 

0,16 

8 

1,6 

0,05 

0,11 

r>. 


continued  on  Page  1 
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■&&*&*- **'•*&:  warn  •■  * 


\ 13)  Magnetite 

1 14)  2 %  Molybdenum  permalloy 

1 15)  2%.  Molybdenum  permalloy 
I  16}  2$  Molybdenum  permalloy 

1 17),  18),  19),  20)  Carbonyl  iron 
f 21)  BASIC  PARAMETERS  OP  M AONETQBIBLSCTP I C S 
!  22)  No. 

|  23)  Name  of  material 
j  24}  Syti  x  10^  {r  » 

5  in  -  '1  .  Cv.,.gf-er&J 


n 


0 


■current  J 


i  25)  ^  x  lCrJ  (H  “  1  oers 
|  26)  x  10^ [aftereffect] 

|  for  the  windings  of  high-quality  coils. 

I  ' 

The  loading  cables  are  installed  in  metallic  cases 
which  protect  them  from  mechanical  damage  and • serve  simul 
taneously  as  electromagnetic  screens.  The  inside  of  the 


Pig,  4-21,  Circuit  of  loading-coil  set. 
1 — first  basic  circuit;  2---eeeond  basic 
circuit;  P — 'phantom,  circuit 

a)  magnetic  flux  of  basic  circuit 

b)  magnetic  flux  of  phantom  circuit 


1% 


‘jo ■'  •  -y 


. : :  .r  V*  .  ■/.-•*►***>  ■.»,  1^1.  ?  .^ip  .*•*.■  r  Mm  'rJf  * 

;  case  and  the  co.11  which  it  contains  are  sealed  vrl th  a 


special  Insulating  compound. 

In  cables  with  lew-frequency  loading,  where  phantom 
circuits  are  used,  three  coils  are  required,  for  each  quad  , 
of  the  cable:  two  for  the  basic  circuits  (1  end  fe)  and  one  • 
for  the  phantom  circuit  (y) .  The  coil  windings  ere  connec¬ 
ted  in  such  a  way  that  when  current  flews  through  the  basic 
circuits  the  inductance  of  the  phantom,  coil  Is  excluded,  < 
and  when  the  link  is  through  the  phantom  circuit  the  basic ( 
coils  do  not  operate  (Fig.  4-2l) . 

The  loading-coil  sets  are  inserted  on  a  steel  frame j 

1 

into  a  common  brass  case  and  then  into  a  protective  cast-  1 


iron’ case  (Fig.  4-22).  j 

i 


157 


Fig.  4 “23*  Coil-loading  coupling  • 
for  submarine  cable. 


The  inside  of  the  brass  case  and  the  space  between  it  and  j 

the  iron  (outer)  case  are  filled  with  insulating  compound. I 

Fig.  4-23  shows  the  placement  of  the  loading  coils  J 

1 

in  flexible  couplings  used  in  coil-loaded  submarine  cables I 

Electrical  calculations  of  loading  coils  are  per-  \ 

«  I 

formed  as  follows:  j 


S+ 


tarting  with  a  specified  value  of  the  inductance 


Lg ,  we  determine  the  number  of  turns  N  of  the  winding: 

N=l/  -i—  „  (4-24) 


f  L$p*  iti9 

*  “ijr 


where  %  1 \  the  sectional  area  of  the  core  in  cm  }  j 

i 

B  is  the  mean  diameter  of  the  coil's  core  in  cm}  | 
Mis  the  magnetic  permeability  of  the  core  material.) 

I 

The  (active)  resistance  of  the  loading  coil  con-  1 


Lsists  of  the. resistance  Rq  of  the  winding  to  direct  cur^ 

as-flv-B 


1 5  p 


•  jrwtM^  ■  is«:afci  ywv*c. 1  '■■*>*•*  m a  ■»  ■■  i.v  1 


) rent  $nd  ifc£  resistance  Pw  to  alternating  current*  plus  ‘  j 
I  the  resistance  due  to  eddy-current  ( R^r  t)  hysteresis  (R  )  ! 


and  aftereffect  (P  )  losses  in  the  cores 

Jr 


R  *.R04  R^4  +  R-  +  Rp. 


(4-25) 


The  value  of  Rq  is  determined  by  the  formula 


/?«=P 


IN 

srf*  * 

*T 


(4-26) 


where  p  is  the  specific  resistance  of  the  winding  material j 

l  r  .5 


in 


ohm-mir 

m 


,2 

1  • 

....  , 


1  is  the  average  turn  length  in  m; 
d  is  the  diameter  of  the  winding  wire  in  ran. 

The  winding’s  resistance  to  alternating  current 


#-=.5  •&/**. 


ft*  Ks 


(4-27) 


Where  the  volume  of  the  winding  =  --jj—  NX  [cm3]  and.  that, 
of  the  coil  V«  =  ffBQ,  [cm3]. 


The  hysteresis-loss  resistance 


Rg  =  Wl.sSgH. 

where  £  is  the  hysteresis  loss  factor; 
& 

H  is  the  magnetic -field  strength 


(4-28) 


-•****:;•..  -it  want!*-  *>».'  •tftnfc*' >■• 


.jbv" sffk  ,i«(l!fT»i  ^  ^ifei-"-'  «iW  “V  •  «**-»•* 


‘  I 

i. 

1 


t.  0,566  A7 

/  m  •~k,,'w't: - * 

/j  * 

is  the  current  flowing  in  the  coil. 

The  eddy-current --lose  'resistance 


'(4-29) 


R, ..  ju 
V  ■»  0 


| 

I  where  S',,  ...  ie  the  eddy-current  lose  factor 

i  V  *  w 


(4-30) 


The  .reel stance  due  to  magnetic  after-effect  losses  .f 


II,  -  •  (4  ~31)  I 

y  D  P  -i 

where  6  Is  the  aftereffect  loss  factor,  I 

P  ; 

The  capacitance  C  for  loading  coils  of  various  types 

is  given  in  Table  4-12.  j 

The  shunt  conductance  of  loading  coils  is  detemi-  j 

*  I 

ned  from  the  formula  , 


Gv,  «  m 

O 


(4-3») 


The  value  of  G«  for  the  winding-wire  insulation  of  j 
loading  coils  is  exceedingly  small .and  is  disregarded  al- j 


together  in  many  cases.  .  | 

s 

The  hysteretic  properties  of  the  ferromagnetic  { 
materials  in  the  cores  of  loading  coils  are  a  cause  of  \ 

i 

nonlinear  distortion  of  the  communications  signals  being  j 

8 
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; ■> *-n.- •  j V*e* ifuMV’T-W::- .vm*+'-:,*B)iMPK:-WCm*J  TWWfr  'TT-fTr  '3«Vr4rtl!aWter^ VSfr/rf*  te*'-  -  *. 

\  t 

•  transmit  tad  over  the  coil-loaded  cables.  The  ,  nonlinear*  '  f 
■ 

dependence  between  the  current  and  the  voltage  leads  to  the? 

|  appearance  of  higher  harmonica  and.  corcbinat.3  on  currents 

f  ■ 

|  which  Impair  the  quality  of  communication  and  constitute  j 

I  a  source. of  additional  mutual  interference  between  the  j 

I  ■  '  t 

I  loaded  circuits.  \ 

S  ■  .  : 

|  The  nonlinear  properties  of  loading  coils  are  char- J 

!  ‘  ,  j 

j  acterized  by  the  distortion  factor  X  or  the  attenuation  \ 

1  I 

|  nonlinearity  (klirr  factox)  V 

|  The  values  of  K  and  Bg  are  determined  by  the  hysterf 

J  eels  loss  factor  S  and  the  magnetic  field  strength  Ht  | 


K— 


**=H*r,nh$i 


(4-33). 

(4-34) 


= .g  =  hysteresis 


j  EXAMPLE. '  Compute  the  electrical  parameters  of  a 

loading  coil  of  inductance  Lg  **  SO  millihenries.  The 

:  loading-coil  core  has  the  following  data.: 

f*  *  30;  *  =  1,8*20~9;  8,  m  =r  60-10-*;  6  =  10**2. 

Q)  dD  .  C£> 

1  l)  hysteresis;  2)  eddy-current;  3)  aftereffect 

The  dimensions' of  the  core  are  shown  in  Fig.  4-24 

cp  Q)  (3> 

•  2  (&  =  2,9  m«;  /~g  CM\  Q ~ 0,85  djrt*). 
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f-'-r  'Jxr 5;,  -rn  -f..tr~4r:.A  5  ■■  ■'  &’ 
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n  vs 


K< 

V, 


7,39 

0,0175*30  '  773 
<shx& 


•x 


f 

I  - 

£ 

!■ 

t 

s 


T 


X/2  •0,5^  0,00454/2  o.«; 
3.14-0,58 


M 


4 


i 

750  -50  -7,39  S 

j 

3  *■ 


I  i" 


/?. 


«.  n 


K5  r=  «D<?  =  3,1 4  •  2,9  *  0,85  rr  77 3  f  jk»; 

ohm 

wU*.  //=r  6,28/-  20  -  3  0  -a  - 1 ,8  *  1 0  -  « -  0,584  ™  G,  J  32/  o.«, 

>■*4  '<■  * 

f 

0,/mm  _0,5G6- 750-4  10-5 

.  2,9  '  ”  .  '  - 

<,>LS  m/—  6,28/* 20- 10-3-50*  10-°/  =  0,0528/2  om; 


H 


R 


>/& 

vLs  on  =:  6,28  /20 • 1 0  ~  * 1 0  -  »  ==  0, 1 256/  om. 


j  Notes  f  is  expressed  in  kc, 

|  The  results  of  calculation  of  the  loss  resistance 

*  of  this  loading  coil  are  presented  in  Table  4-11  for  the 
I 

|  frequency  spectrum  to  30,000  cycles.  Table  4-11 

(j)  AKTHBKOe  COnpOTHBJIfiMHC  nyjlHHOBCKOfi  KatyiMKH 


/•  j  Ls, 


0,8 !  20,0 
3,0 i  20,0 
10,0 ' 20,0 
20,0  20, 
30,0  20,0 


it*. 


-f#7 
%  i 

$ 

"1 ZJ 

kT 

:  P 

4# 

... - 

^Q&MOWiCU* 

;  & 
denim 

*  1 

OM  j 
> 

OM 

OM 

|  OM  ^ 

OM 

OM  j 

i  .  1 

ra,  om 

i 

3,4 

i 

0,0030 

! 

0,106 

i 

0,004 

■ 

f 

:  o,n 

! 

3,403 

\ 

0,22 

3,4 

0,0410 

;  0,396 

0,0.36 

|  0,38 

3,441 

0,83 

3,4 

0,454 

1,32 

i  0,628 

1,26 

i  3,854 

3,21 

3,4 

1,82 

,  2,64 

|  2,51 

2,51 

!  5,22  i 

7,66 

3,4 

4,10 

3,96 

!  5,60 

3,77 

7,50 

13,33 

1 

on  next  page) 

, . — . . 

,  0 
of>  u£t'et 

OM 


3 , 62 
4,27 
7,06 
12,88 
20,83 
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f Key  to  Table  4-11 4 
jl)  RESISTANCE  OF  LOADING  COIL 
j2;  f,  kilocycles 
13)  millihenries 

4)  Hq,  ohms 

|S)RW*  ohms 

6)  Rg  [hysteresis} ,  ohms 

j  7)  {eddy -current]  ,  ohms 

{ 8)  I\r  [after-effect],  ohms 

1  q)  p" ,  , .  ,  ohms 

i  y>  sheath’ 


I  10 >  Rcore’  ohjnB 

j  u>  >Wl’  oh,n5 

9 

j  Table  4-11  separates  the  loss  resistances  in  the 

t 

i  winding  ( Rq  f  R*)  and.  the  core  (R„  4*  ^v»t  *  \ 

J  winding  losses  predominate  up  to  a  certain  frequency, 

{  when,  they  give  way  to  the  core  losses* 

|  The  eddy-current  losses  increase  sharply  with  Incr 


j  easing  frequency.  The  relative  value  of  the  hysteresis 
|  losses  is  comparatively  small. 


The  distortion  factor  of  the  coil 


S,8*%  f/=r  0,62*  1,8  ‘  1  Q~»*  0, 

% 


0,664*  10*3? 


\  and  the  kllrr  factor 


-~k — *® /*/  j 


7.45  mm. 


According  to  existing  standards,  the  electrical 
characteristics  of  the  loading  coils  should,  conform  to 


jwyKTaii-  |  q^croTa 
\mnu  mz  'h 
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)  Key  to  Table  4-12  ,  .  j 

■:  ■  1 

1)  ELECTRICAL  PARAMETERS  OF  LO ALINS  COILS  •  • 

:  2i  Coil  Inductance,,  millihenries  • 

: 3i  frequency, -tec  : 

|  4)  Coil  resistance,  ohms  ■•,...  f 

I  5  j  Coil  capacitance,  ufitd  j 

\  6)  basic  circuit  * '  .  | 

I  7/  phantom  circuit  '•  ..  j 

j  2.  The  coil  inductance  may  differ  from  the  rated  • 

j  value  by  no  more  than  £!<!>#.  '  i 

I  '  '  I 

j  3.  At  800  cycles,  the  unbalance  of  the.  half-winding | 


inductances  (the  percent  ratio  of  the  difference  in  the' 
half-winding  inductances  to  the  total)  should  not  exceeds 

a) .  0.1#  for  medium-  and  light^loaded  coils; 

b)  0. 12#  for  phantom-circuit  coils; 

c)  0.05#  for  coils  with  very  light  and  high- 


frequency  loading. 

'  ..  a- 

4.  The  d-c , resistive  unbalance  of  the  coll  *  s  half¬ 


windings  should  not  exceeds 

a)  0.1  ohms  for  medium-  and  light-loaded  coils; 


b)  0.03  ohms  for  coils  with  very  light  and  high-  j 
frequency  loading.  .j 

5.  To  limit  the  nonlinearity  introduced  by  the  j 
loading  colls,  the  value  of  their  klirr  attenuation  j 

i 

should  be  no  smaller  than  7*5-8  nepers.  j 


6.  The  magnitude  of  the  additional  resistance  arts- 

i 

ing  from  hysteresis  losses  at  a  frequency  of  800  cycles 
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should  not  exceed: 

3  )  1  p^j  X  >  c 

b)  e  n 

o)  2  /  x. 


-&tw  1 'i  c* 


[ohm/ma -hen ryj  for  medium  loaded  colls-; 
fohm/ma -henry]  for  light  loaded  coils?- 


lohm/ma -henry]  for  coils  with  very 

« 


light  loading*  j 

7. "  The-  insulation  resistance  measured  between  the  1 

winding  of  one  set  and  all  other  windings  in  the  case  * 
should  be  no  lower  than  20 , 000  megohms.  j 

*r 

8.  The  strength  of  the  dielectric  between  the  wind--.; 

;) 

ings  of  one  coil  should  be  no  lower  than  lf;00  v  and  that  I 

i 

between  the  winding  and  the  case,  2500  v.  | 

9.  Crosstalk  attenuation  he  tween  any  circuits  of  j 
the  same  set  with  matched  loads  over  the  entire  frequency  I 
range  used  should  be  no  lower  than; 

a)  9.5  nepers  for  coils  with  medium,  light,  and 
very  light  loading? 

b)  10.5  nepers  for  radio-broadcasting  and  loading 
[sic]  coils. 

In  designing  coils  with  high-frequency  loading,  it 
is  particularly  important  to  satisfy  the  requirements 
respect  to  the  resistance  R  and  the  nonlinear  distortion 

T->  j 

'■'K  ’  j 

It  will  be  seen  from  Table  4 -13,  which  lists  the 

results  of  measurement  of  the  values  of  R„  and  tan  £  of 

o 


'•  1  f  ,  *  w.  *«v«  w.  **  *  *  * 

) loading  colls  for  atyrof lex-insulated  cable  (Lg  =  1.75  f 

|  ‘  u  | 

I  millihenries)  that  the  coil  is  designed  for  use  in  the  f 

i  ■ 

\  high  frequency  region  (the  minimum  tan  ©  ia  2,00  x  10 

f  | 

j  at  f  -  60  kc) .  Loading -coil  losses  exert  a  strong  influ-  j 

f  .  i 

j ence  on  the  attenuation  of  the  cable  and  determine  in 
|  large  part  the  choice  of  the  coil-loading  system  of  the  j 

j  cable.  It  is  seen  from  Pig.  4-25  that  the  optimum  coil  'j 

I  inductance  L0  diminishes  with  increasing  tan  g  while  the  l 

j  *  ! 

optimum  loading  interval  S  increases  and  the  degree  of  j 

loading  of  the  cable,  L  -  Lg/S,  generally  declines.  The  j 


fable  4-1 3 
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j 
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f  i 

i  i 

r@> 

tg  t 

—  J  78,5*10 -a 

* 

.12,5*10-*  1  2,76*10“*' 

1,97*1©“' 8 

j  1)  PREQUEH CY -DEPENDENCE  OP  Rg  AND  tan  %  OP  LOADING  COIL  j 

j  WITH  Hli  INDUCTANCE  OP  1.75  MILLIHENRIES  .  j 

|  2.)  f,  cycles  .  j 

1  3/  ohms  •  | 

j  4)  tan  |  | 

|  attenuation  of  styrof lex-insulated  cable  with  a  conductor  ! 

L&lamet 


***“"  .  ^JChrtK"  r«tw  VAtOH-- 'W*4»  V**^-1**^^*!^^  »** ■“•  41-^H r’VA 

230  m  la  ■ 


npH  t<Je 

Q>  m  w~- 

npii 


=  2,65 -JO**3 
:  5,3 -10  * 

=  10,6*  10~s 


87  (Mmti\KM\ 
103  (Mneri\KM\ 
125  (MHenjKM. 


1)  with  tan 


2)  millinepers/km 


1)  Sj  meters  3)  miilinepers/km 

2)  Lt  .  millihenries  4)  tanf  •  •. 

4-7.  Cabl.es  with  Ferromagnetic  Winding 
The  inductance  of  cable  circuits  may  be  increased 


I<Q 
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artificially  either  by  means  of  loading  coils  or  by  wind-  I 

I 

ing  the' conductor  of  the  cable  with  ferromagnetic  tape,  or  ? 
wire.  ■ 

The  result  of  the  latter  is  that  a  permeable  medium  l 

I 

’  *  V 

is  formed  about  the  copper  Conductor  and  the  magnetic  flux? 
and,  consequently,  the  inductance  of  the  cable  circuit  in-  . 
crease.  .  ? 


^eppGMmMmwm  cdmmm 


Fig.  4-26.  Cable  with  ferromagnetic  winding, 
a)  normal j  wide -strip. 

1)  Ferromagnetic  sheathing j  2)  Copper  wire 
Iron,  permalloy  (78. 5#  nickel,  21.5#  iron),  per- 
minvar  (45#  nickel,  30#  iron,  £5#  cobalt),  and.  other 
alloys  with  high  magnetic  permeabilities  are  used  as 
winding  materials. 

Cables  with  ferromagnetic  windings  differ  from 
ordinary  communications  cables  only  in  the  construction 
of  the  conductor  (Fig.  4  26)  .  The  conductor  .insulation 
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( 18  gutta-percha-  paragutta,  paoor-  packthread, etc. 

{  The  ” active”  real  stance  H  and  the  inductance  I.  c-f 

I 

? such  cables  are  computed  by  the  formulas 


f  . 


!>A;P 

4ffc>  (h-J -0) 


ID 


[chmrvWj*  (4-3  b) 


i  i  =  (4ln.^  +  2^. cos*  ;uo-*j;„rleE/4 


\  where 

I 


R  (r  1  1b  the  d«c  resistance  of  the  copper  * 

m  t  copper** 


COB 


r  = 


circuit  in  chm; 

$  is  the  thickness  of  the  ferroinag-  \ 
netic  winding  in  cm.;  .< 

I 

R,  is  the  permeability  of  the  winding  i 
*•  ’  4 

( 100-140  for  iron); 

a  is  the  distance  between  the  conduc-j 

! 

tor  centers  in  cm;  ,  i 

i 

is  the  specific  resistance  of  the  \ 
winding; 

I 

d  is  the  diameter  of  the  copper  con 

due tor  In  cm; 

d  ~{-  0 


Y'w+WTv 


is  a  correction 
factor. 

Due  to  the  spiral  application  of  the  ferromagnetic  | 

winding,  a  bidirectional  magnetic  field  appears  about 

the  conductors?  a  transverse  field  at  right  angles  to  the  , 

os 


1 71 


axis  of  the  wire t  and  a  longitudinal  field  which  acts  | 

along  the  axis  and  gives  -else  to  additional  losses  in  the  j 

f 

metallic  parts  of  the  cable.  The  effect  of  the  longitudi-  j 

\ 

nal  magnetic-field  component  is  usually  nullified  by  wind-  { 

'  | 

ing  the  wire  in  the -same  direction  around,  both  conductors  \ 
of  the  pair  or  by  the  use  of  a  two -layered  winding  with  * 

i 

the  layers  spiraled  in  different  directions.  .This  is  the ■  f 

.  '  ' .  i . 

reason  for  the  appearance  in  (4-36)  of  the  correction  j 
factor  cos  which  takes  into  account  only  the  transverse j 

(•  •  v 

component  of  the  winding’s  magnetic  field.  J 

The  capacitance  C,  shunt  conductance  Q,  and  the  | 

1 

secondary  parameters  2,  £  s  and  of  cables  with  ferromag-  g 

■  -  .  ■  | 
netic  winding  are  calculated  by  the  appropriate  formulas  _  | 

for  symmetrical  cables,  with  the  only  difference  that  the  v 

conductor  diameter  includes  twice  the  thickness  of  the 

ferromagnetic  winding. 

/It  -Is  evident  from  Expression  (4-36)  that  the  in¬ 
ductance  L  of  the  circuit  1b  composed  of  the  external  and  j 

! 

internal  inductances  determined  by  the  properties. of  the  | 


ferromagnetic  winding.  I 

TL?  inductance  of  the  circuit  increases  as  the  j 

.  .  \ 

■  ■  > 

thickness  of  the  ferromagnetic  winding  and  its  magnetic  j 

permeability.  However,  the  amount  to  which  the  winding 

•  • 

can  be  thickened  is  limited  by  the  increasing  eddy-current 
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leases  In  it. 

As  follows  from  Formula  (4-35) .-.  the  "active"  re¬ 
sistance  R  of  the  circuit  increases  with  the  thickness 
of  the  winding. 

For  this  reason j  the  wire-  chosen  for  winding  With 
the  ferromagnetic  is  no  greater  than  0,2-0. 3  lr.  dia¬ 
meter.  The  use  of  finer  winding  wire  is  difficult  from  a 
technological  standpoint . 


Table  4-14  lists  the  electrical  parameters  of  cables 

Table  4-3.4  { 


Gp3aeKTpif«iecKiie  iiapasierpw  ueneUi  np*»  TOJiauwe  gOmo'tkk  0.3 
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1 )  ETJECTRI CAT ,  PARAMETERS  OF  CIRCUITS  WITH  WINDING  0.3  rm 
'  THICK  AT  A  FREQUENCY  OF  800  kc 

2)  d,  mm  6)  0,  Mmhcs/km 

3}  R,  ohm 3 4am  7)  f>>  mlllinepers/kin 

in  L,  mil'  ihonries/km  8)  cl,  rad/ km  • 

5)  C f  n&nof arada Aon  9)  z,  ohms 


with  single  -layer  ferromagnetic  windings  of  iron  wire  0.3  \ 

\ 

i  mm  In  diameter  at  a  frequency,  of  SSOjarclgg.-. _ _js 
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j  The  data  presented  here  indicate  that  the  use  of  a  j 

j?  f 

j  ferromagnetic  winding  provides  for  a  two-  to  threefold  ; 

i. 

I  reduction  in  the  attenuation  of  the  cables.  ,  :• 

j  ,* 

1  A  major  disadvantage  of  ferromagnetic-wound  cables  j 

j  is  the  narrow  frequency  band- in  which  they  can  be  used,  \ 

l  since  the  eddy-current  energy  losses  that  arise  in  the  j 
I'  ^ 

|  ferromagnetic  winding  with  increasing  frequency  are  so  * 

j  great  that  the  latter !s  advantages  are  canceled.  It  will  j 

{  2  ' 

|  be  seen  from  Formula  (4-35)  that  since  w  appears  in  the  f 

|  numerator  of  the  active-resistance  component,  which  governs 

|  0  .  ,  f 

j  the  winding  losses,  R  =  ^  ((/)  increases  as  a  square -law  ] 

f 

|  function.  Therefore  cables  with  normal  ferromagnetic  wind* 

j  .  *2 

>  '  .  ;/ 

|  ings  are  used  primarily  for  sub -voice -frequency  telegraphy! 

j  (0  to  100  cycles}  and  voice-frequency  telegraphy  (300  to  j 

I  f 

I  3000  cycles).  ! 

i  i 

I  .  t 

r  •  Due  to  their  freouency  limitations,  considerable  \ 

j  *  j 

j  cost,  and  difficulty  of  production,  these  cables  have  not  j 

been  widely  used.  For  practical  purposes,  they  are  era-  { 

S  j 

|  ployed  only  to  cable  water  obstacles  and  as  inserts  in  j 

I  aerial  copper  circuits.  Transatlantic  cable  communication^ 

i  ~  | 

t 

j  and  telephone-telegraph  communication  across  other  oceans  t 

i  ‘  ’  '  I 

|  are  accomplished  with  the  aid  of  cables  whose,  conductors  j. 

I  *  '  :  I 

!  are  wound  with  ferromagnetic  tape.  •  ? 

| .  ■  ■  | 
j  These, cables  are  considerably  more  suitable  for  | 


j  laying  in  water  as  compared  to  loaded  cables,  since  there 
are  no  boxes  with  loading  coils. 

The  necessity  of  expanding  tr&nsuJ tted-frequenoy 
ranges  has  led.  to  the  appearance  in  recent  years  of  wide- 

J 

j  band,  cables,  which  are  used  for  connecting  into  aerial 

*, 

J 

I  circuits  (inserts;  entry  into  buildings)  in  the  spectrum 

i 

l 

|  up  to  45  kcps. 

{  The  characteristic  impedances  of  such  cable  and 

i 

aerial  copper  circuits  are  well  matched.  • 

The  aforementioned  expansion  of  the  transmitted- 
frequency  range  is  obtained  by  making  the  ferromagnetic 
winding  from  2-4  mutually-insulated  layers  of  very  thin 
(0.035-mm)  tape  formed  from  an  alloy  of  nickel,  iron, 
and  magnesium*  At  a  frequency  of  45  kc,  the  inductance 
of  such  a  cable  (dcondu'otor  *  1.2  mm)  is  13*7  •M.l.lJ.henrleej/ 
km,  its  capacitance  is  35  nanofarads/km,  its.  loss  tangent  } 
is  0.01,  its  attenuation  0.2  nepers/km,  and  Its  character-} 
i stic  Impedance  650  ohms.  | 


4-8.  Cables  with  Bimetallic  Conductors. 


As  noted  previously,  an  essential  shortcoming  of 
coil -loaded  cables  and  cables  with  ferromagnetic  windings  j 

| 

1  is  their  limited  useful  frequency  range.  This  is  due  in 


i  the  former  case  to  the  loading  frequency  limit  and  in  the' 
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j latter  to  the  large  losses  in  the  ferromagnetic  winding. . 
jj  Formula  (4-35)  indicates  that  the  eddy-current 

j losses  in  the  winding  may  he  reduced  and  the  cable's  fre-  ; 

i  j 

f  quency  range  of  utilization  expanded  accordingly  by  redu->-  j 


\  cing  the  thickness  of  the  ferromagnetic  winding.  j 

j  Thus  a  cable'  la  suitable  for  use  in  the  spectrum-  j 

|  '  1 
\  from  50  to  100  kc  with  a  winding  thickness  0  =  0..03  to  I 

(  0.05  mm. •  As  noted  £bove,  however,  the  production  of  cable j 

I  .  ■  ■  .  j 

with  so  thin  &  ferromagnetic  winding  is  extremely  difficult. 


In  1938.  Prof.  I.  A.  Koshcheyev  proposed  that  the 
j  cable  conductors  be  bimet&llized  by  electrical  coating 
with  iron  (Fig. 4 -27)*  The  electrolytic  method  permits 

|  the  deposition  of  a  thin  layer  of  iron  possessing  hich 

|  -  1 

|  magnetic  permeability  onto  the  copper  conductor]  the  re-  j 

I  *  H 

}  suit  is  that  an  increase  in  inductance  is  achieved  with  j 

I  £ 

|  small  edd; -current  losses  in  the  ferromagnetic  layer  over  | 
|  a  .wide  frequency  spectrum.  j 

J  This  is  illustrated  by  Fig.  4-28,  which  shows  fre-  . 

I  quency  curves  of  attenuation  for  cables  with  normal  and 
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Fig,  4-28.  Attenuation  of  cable  with  bimetallic.  I 
conductors  as  a  function  of  frequency.  1) Copper  j 
conductors  (d  =  1.2  mm)  i  paper  insulation;  2}  | 
bimetallic  conductors  (d  -  1.2mm,  16- fi layer  | 
of  iron),  paper  insulation.  j 


bimetallic  conductors,  and  by  Table  4-16. 


| 

| 
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Table  4-15  I 
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i  ])  ATTENUATION  and  communications  range  for  cables  with 

I  BIMETALLIC  CONDUCTORS  ......  j  * 

|  2)  Character! otic  J 

f  3}  Cable  with  copper  conductors  and  paper  insulation  •  } 

j  4)  Cable  with  bimetallic  conductors  and  paper  Insulation  j 
f  5).  Attenuation  in  millinepers/km  at  a  frequency  of  108  kc  I 

\  i\  »  «  »  «  «  ”  ,f  ”  60.000  ■{ 

1  .  .  ■  cycles  | 

I  7)  Length  of  repeater  section  in  km  at  10&  kc  f 

j  M  &  «  .  tt  »  «  «  60  kc 

i!  9)  Note:  the  tabulated  data  were  obtained  by  calculation  j 
for  cables  with  conductors  having  d  -  1.2  mm  and  the  .  | 
optimal  thickness  of  an  iron  layer  having  fi  -  100.  .  j 


:  TaVle  4-15  presents  attenuation  figures  for  cables  j 

I  with  Ironed  conductors  and  the  length  of  the  repeater  sec-f 
}  •:  '  \ 
|  tlon  with  the  circuits  multiplexed  In  the  frequency  spec-  . 

|  :  ‘ 

1  trum  to  60  kc  (12-channel  systems)  and  108  kc  (24 -channel 

I  szsaasL  _  - . J 


**&*£&&* 
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It  follows  from  the  data  given  here  that  the  use  of 
■bimetallic  conductors  in  paper-insulated  cables  gives  a 

? 

!  21#  reduction  in  attenuation  in  the  range  to  108  kc. 

|  The  repeater  section  is  1.4  times  longer  than  in 

j  I. 

? normal  cables  and  amounts  to  51  km. with  12-channel  multi-  j 
(:  c 

f plexing  of  the  circuits  and  36 'km  for  the  24 -channel  multi- 

plexing  system.  ’  1 

I  1 

I  Even  better  results  can  be  attained  by  the  use  of  ; 

i  .  '  ) 

j  bimetallic-  conductors  in  cables  with  styroflex  Insulation.  < 


When  ferromagnetics  with  permeabilities  higher  than] 


I 

1  that  of  j.ron  are  used  (pentac&rbonyl  iron,  permalloy  com- 
positions,  etc.) ,  the  bimetallic  conductor  is  even  more 

I  ’  •  •  | 

j  effective.  It  must  be  remembered  that  the  optimum  sheath 
I  thickness  is  not  the  same  for  different  ferromagnetic  xaat- 
j  erlals,  and  that  the  higher  the  frequency  being  transmitted 
|  through  the  cable,  the’  thinner  must  bs  the  ferromagnetic 
1  sheath.  This  Is  accounted  for  by  the  fact  that  up  to  a 
|  certain  frequency,  the  current  flows  for  the  most  part 
|  through  the  copper  part  of  the  conductor,  while  with 
|  further  elevation  of  the  frequency  the  current  expands  in-J 
to  the  ferromagnetic  sheath  (due  to  the  so-called  skin  j 
effect),  and  the  active  transmission  losses  increase.  | 

The  optimum  thickness  9  of  an  electrolytic-iron  sheath  | 
kith  fA. ~  100  is  tabulated  in  Table  4-16.' 
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Table  4-16 


OflTHtfaxbHmi  tojwhip  4>®|»f»0MarBKT«0»  oGoxoikm  Kate* 
c  dm  mTmmuimwsn  «*mmi  ,***  jw«ii«Hi  ikm«3om( 
n/iiCTOTHM'd  yMd?M«B»a  aaSeaeft  (^.^;u.m  ~z 


’t 


M^CTilTSIWft  M  flfHWTSia  fil  oCO^O^IKJ! 

»<>«„  *«f  I  ISpnWIliafcMOCTt.  j  (URKpOM) 


30000 

60000, 

108000 

156000 


V 


100 

100 


25 — 30 
IS — 18 
7—9 . 

4 — 5 


f  IV  OPTIMAL  THICKNESS  OF  FERROMAGNETIC  WINDING  ON  CABLE 
{  WITH  BIMETALLIC  CONDUCTORS  FOR  VARIOUS  RANCHES  OF  FRE- 
[  QUENCY  MULTIPLEXING  OF  CABLES  (<*coaduetor  =  1.2  mm} 

I  2)  Frequency  range,  cycles  • 

|  3|  Magnetic  permeability;. 

|  4)  Thickness  of  sheath,  'jk 


|  Electrical  calculation  of  the  parameters  of  cables  j 

!  •  •  * 

i  with  bimetallic  conductors  proceeds  by  the  following  for-  t 

.  *  1 

■  mulas  (all  values  with  the.  subscript  1  relate  to  the  copper- 

core  of  the  conductor,  and  those  with  the  subscript  2  to  s 

|  ■  ■  I 

\  the  ferromagnetic  sheath) t  | 

i  * 

•  the  “active"  resistance  of  the  conductor  R  “  | 

I  '  ■  ■  J 

j  Rqx'TC*  x  10*  [.ohms /km]  j  j 

.  (4-37)  | 


'•  *n *rvr->  -  -■ 


The  internal  ‘inductance  Lin+. 
kml ;  (4-38)  where 


%™K'’  x.  10y  /"henries/  r 
d‘T  l»  r 


b  (the  radius  of  the_ bimetallic  _ j _ t. 

a’tthe  radius" of"  the  'copper  part  of  “the*  conductor  in  jeaj’ 


I  f 


liffx  10“%4  Is  the  magnetic  permeability  of  the  wind-  * 

/  i 

inp  material;  • 

i 

H-  is  the  d-c.  resistance  of  the  bimetallic  t 

conductor  in  ohirs/cm;  j 

1 

K'  and  K”  are  coefficients  accounting  for  the  in-  j 

I 

fluenee  of  the  skin  effect  and  expressed  :: 
in  terms  of  the  eddy-current  factors 


^  and  the  radii  a  and  b 


Determination  of  the  coefficients  K’  and  K”  is  ex¬ 
tremely  complex  and  is  accomplished  using  Bessel  functions 
The  formulas  are  vastly  simplified  for  the  low-fre-| 

(MU'.  "MWWO-'-'V 

quency  spectrum,  i.e.#  for  f'J  a  4 


7? 


h 


I0: 


r.aa 


1  -f  —  l  j  [ohms /km],  (4-39) 


■mt  =£  hi  1- 1 O3  +  0,05  •  1 0 - 3  jWiS?.]  ( 4-1*0) 


where  ^  and  are  the  respective  specific  resistances  ofj 


T  °  J 


.t&aw  -tiaaaas  w'^’ »i,^r  ^ 


copper  and  the  ferromagnetic  sheath  In 
ohm-cms 

Y0,=  is  the  specific . conductance « 

.-.  Formula  (4  10)  is  valid  for.  the  entire  frequency 
spectrum  used  in  practice. 

In  the  high-frequency  spectrum,  i.e.,  for 
ifiSSftfa  X  a  >  5,  R  and  L,nt  may  be  calculated  from  the 

formulas  . 


D  ™  U-  .  |/” JO5  [ohms/km],  (^l) 
1fl»  F  ^3 


L 


int  " 


r  2 

In 


f-1.  U)5 

,JJTa 


henries 
km  ’ 


(4-42) 


All  the  expressions  given  for  R  and.  apply  to 

one  wire,  and  are  doubled  in  calculating  the  parameters 
of  two-wire  circuits.  The  over-all  circuit  Inductance 


consists  of  the  external  L  and  the  internal  \nt* 


Lm  +  Lint* 


(4-43) 


The  remaining  parameters,  are  determined  from  the.  j 

familiar  formulas  for  symmetrical  circuits  (see  Chapters  | 
2  and  3)*  .  '  | 


4-9.  Cables  with  Magnetodielectrics 


I 


-w-Vf'V-  ••«&*>.-  'tf-nrA- 
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f 


It  will  be  aeen  from  Expression  (4-35)  that  It  Is  j 

possible  to  reduce  the  losses  Jn  the  ferromagnetic  sheath 

of  a  cable  conductor  in  order  to  expand  the  transmitted- 
|  •  \  t  ! 
frequency  spectrum  by  reducing  the  sheath  thickness  V  j 

f  .  ( 

f  and  increasing  the  specific  resistance  ^ -  It  is  not  ex-  j 

I'  * 

|  pedient  to  reduce  the  magnetic  permeability jl,  since  this  :• 

I  ...  ; 

j  is  accompanied  by  a  drop  in  the  cable'1  a  inductance.  • 

!  j 

h  The  first  course  has  'led.  to  the  bimetallic  conduc-  t 


|  tor  and  the  second  to  the  creation  of  cables  with  magneto-.; 
dielectrics  (see  §  4-6).  j 

The.  foundations  of  the  theory  of  cables  with  mag¬ 
netodielectrics  were  laid  by  Candidate  of  Technical  Scion -j 
ces  I.  Ye.  Yefrimov#  .  , 

V  ♦ 

In  production,  the  magnetodielectric  layer  is  app¬ 
lied  to  the  copper  conductor  of  the  cable  with  the  aid  of  ]' 
an  ordinary  injection  press. 

The  special  nature  of  the  magnetodielectric  consi¬ 
sts  in  the  fact  that  while  its  specific  resistance  approx -j 

i mat eg  that  of  a  dielectric,  it  still  possesses  high  mag-  j 

1 

j  netic  permeability.  j 

As  a  result,  the  use  of  a  magnetodielectric  sheath j 

•  '  I 

]  Increases  the  inductance  of  a  caole  circuit,  and  due  to  | 
|  the  large  ^  the  losses  involved  remain  negligible  (the  | 
I  eddy-current  loss  factor  is  inversely  proportional  to  the  I 
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I  specific  resistance}; 


K-^  \f  u>jiy  rr~  y  * 


«fT” 


i 

I 

.  '  This  is  Illustrated  "by  Pig*  4-29.*  which  shows  the  j 

frequency  curves  of  attenuation  in  cables  with  different  j 

f 

specific  resistances  of  the  magnetic  sheaths..  ■  * 

It  will  be  seen  from  the  diagram  that  an  increase .  ! 

¥  O'  ■  I 

in  f  from  0.17  to  0.82  and  a  slight  modification  j 

of  the  winding'*  s  construction  reduce  the  attenuation  by  a:j 

I 

factor  of  10,  thus  .permitting  a  significant  .expansion  of 
the  frequency  range  .transmitted •  through  the  cable. 

A  large  number  of  cable -magn  e todlel ect ri c  compound 

exists 


1)  An  acetone  solution  of  acetylcellulose  with  • 
powdered  permalloy  or  sendast  ae  a  fillers 

2)  A  rubber  and  'polyethylene  composition  .with  an 
alsifer  filler) 

3)  A  plastic  composition  with  an  iron-nickel  pow¬ 
der. 

Pig.  4-30  and  4~31  show'  the'  dependence  of  the 
basic  -ohs  •acteristlcs  of  a  magnetodielectrio  (magnetic 
permeability  yn  and  specific  resistance  ^ )  on  the  ratio 
of  the  volumes  of  the  magnetic  powder  and  the  dielectric 


{ 

i  . 


J  ? 

|  (the  quantity  p  expresses  the  percent  ratio  of  the  volume  j 


of  alslfer  to  the  volume. of  rubber  or  polyethylene). 


Fig,  4-29,  Frequency  curve j 
of  attenuate  on  of  cables  j 
with  various  types  of  sheaj 
thing ,  r  | 

1)  £  -  0.17  ohm-mS/mj  j 

2)  ^  ~  0.3  ohms -mm  /rn?  I 

3)  ^  ~  C.5  ohm-i®4/®}  | 

4)  ^  ~  0,32  ohms -xm^'/m  ■  j 

(copper  wire  with  6  ~  1.5  * 
run,  ferromagnetic  winding  / 
with  B  ~  0.3  mra) .  i 


A)  ka  B)  nopers/km 


^f-r 

Sff**1 


0  £§  30  <0  ■  SO  60  p% 

Big.  4-30.  Relative  magnetic  permeability  of  magneto-  | 
dielectrics  based  on  rubber  and  polyethylene  as  a  func-  | 
tionof  their  degree  of  saturation  with  magnetic  pow 
der  (alslfer). 

l)  Polyethylene-based  magnetodielectricj  2)  rubber- 
based  mg,gn  at  od.  i  e  1  e  c  t  r  l  c .  . .  . . . . . . — — 
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Fig*  4-31.  Volume  resistivity  of  rubber-  and  poly 
ethylene-based  magnetodielec tries  as  a  function  of  J 
filling  by  magnetic  powder.  I 

l)  Rubber-based  magnetodielectric;  2}  Polyethylene! 
based  magnetodi elec trie,  1 


A)  chm-cm 

It  will  be  seen  from  the  diagram 'that  an  increase  j 

f 

..  .  -F  | 

in  the  degree  to  which  the  material  is  filled  with  the  j 

j 

magnetic  powder  increases  the  magnetic  permeability  of 

■  ’  '  .  | 

the  magnetodielectric  with  a  simultaneous  reduction  in  it^j 

specific  resistance.  The  use  of  compositions  with  a  ferro¬ 
magnetic  content  higher  than  50-60$  is  undesirable  because! 


it  gives  rise  to  a  series  of  technical  difficulties  in 
applying  the  magnetodielectric  to  the  conductor,. 

The  grain  size  of  the  alsifer  is  50-100 ju* 

Given  the  50-100-^  grain  size  in  the  aleifer  and 


I8< 
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;  the  above-noted  filling*  the  magnetodieleotr-ic  has  U  -.& 

*7  ft  * 

to  10  and  ^  =  10'  to  10  ohms-em. 

The  ’'active”  resistance  R  and  the  internal  induct¬ 
ance  L,  ...  of  a  cable  circuit  with  magnetodielectric  ie 
1.  n  c 

computed  from  the  formulas 


R~R0Ke-  JO5  [ohms-km]v  (4-44) 

Lint  =  =  i^/C'  +  lr  In  "  VlO5  0ien^eoAi3,  V^) 

\  0*2  <6??  &  J 

!  where  b  is  the  radius. of  the  conductor  with  magneto die! ec 
trie  in  cm; 

a  is  the  radius  of  the  copper  part  ol  the  conductor 
in  cm; 

l  and  fi0  are  the  permeabilities  of  the  copper  and  the  mag¬ 
netodielectric*  respectively  (a  factor. of  4  x 
x  lO"^  should  be  taken  into  account  in  competing 
and  ^ip); 

.Rq  is  the  resistance  of  the  copper  part  of  the  con¬ 
ductor  in  ohms/cm; 

K’  and  K”  are  coefficients  taking  the  skin  effect  into 
account.  In  the  low-frequency  region,  where 


/\j0pL 2f2  x  a  £ 


L  .  ^0'1°5  [ohms  Am 

lnt=|5  -lO5  \n~hi  L 


(4.46} 


b  {henries  A7®, 


18? 


...'It  will  be  seen  from  the  formulas  that  the  active 
|  resistance  of  conductors  with  m&gnetodlelectric  is  equal 
to  the  active  resistance  of  the  copper  part  of  the  conduc- 

E 

tor..  The  losses  introduced  by  the  maghetodielectric  are 
very’  small  and  they  may  be  neglected  In  practice. 


I  The  internal  inductance  of  the  wire  is  equal  to 

|  | 
I  the  sum. of  the  inductances  of  the  copper  conductor  and  | 

;  the  inductance  of  the  magne todlelectri c  layer.  The  latter! 

j  '  >  '  j 

I  predominates  in  magnitude.  The  values  of  R  and'L1n^;  fo-unc] 

I  "  f 

1  byv  these  formulas  should  be  doubled  for  calculation  of  | 
|  cable-circuit  parameters.  It  is  necessary 'to  take  the  ex-J 
|  terhal  inductance  into  account  as  well  in  stating  the  | 
|  total  inductance  of  the  circuit.  -  1  .  •  •  .  1  } 

i  ■  j 

I  The  remaining  parameters  are  computed  by  the  gen-  J 

|  -  ,  I 

|  eral  formulas  for  symmetrical  cables.  ’  | 

I  -  •.  | 

|  It  should  be  remembered  that  the  dielectric  con-  j 

j  stant6m  of  a  magnetodielectric  is  considerably  larger-  j 

than  that  of  the  dielectric  itself.  Thus,  for  example,  I 

:  ■’  5 

.  .  ■  i 

;  €•  ~  3  to  4  for  rubber,  but  a  rubber-based  magnetodlelee-  { 

|  trie  has  ~  4.5  to  5*  The  result  is  that  thecapaci-  j 

|  tance  of  a  cable  with  magnetodielectric  is  30-40$  larger  j 

i  '  \ 

|  than  that  vf  an  ordinary  cable.  '  f 

i  i 

The  dielectric  constant  of  a  magnetodielectric 
i  may  be  determined  from,  the  expression 
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(l!-4T) 

|  y  •■  is*  (i  ■'""■/>} 

I 

i  where  o  is  the  filler  ratio  and  C  is  the  dielectric  const- 

j  c 

|  ant  of  the  original 'material. 

I 

!  A  disadvantage  of  cable  with  raagnetodielectrte  as 

{ 

|  compared  with  ordinary  cable  is  its  considerably  greater' 


weight » 


CHAPTER  FIVE 
COAXIAL  CABLES 

5-1.  Special  Properties  of  Coaxial  Cables  and 


f 


their  Classification  j 

The  effort  to  expand  the  than  smi 1 1 e d -f re qu  en  cy  specj- 

'•*  I 

trum  which  is  characteristic  of  the  development  of  coramunif- 

cations  technology  and  arose ^  in  this  case,  from  the  nec-  j 
essity  of  creating  high-capacity  telephone-channel  trunks  j 
on  the  most  important  routes,  has  resulted,  in  the  last  j 

f 

decade,  in  the  use  of  coaxial  cables  on  such  trunk  routes.* 

{ 

This  was  also  given  impetus  by  the  needs  of  interurban  j 

television  broadcasting,  location,  and  other  special  forms? 

of  communication .  The  great  and  universal  interest  in  j 

!  1 

I  coaxial  cades  Is  accounted  for  by  the  fact  that  as  com-  f 

I  I 

pared  with  other  types  of  lines,  they  come  closest  to  meet*- 


tarns'*" 
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i  | 

I  ing  the  technical  and  economic  requirements  of  high-qualttw 

•  comtauni cations.  The  fundamental  advantages  of  coaxial  » 

cables  are  1}  the  possibility  of  transmitting  an  extremely- 

!  wide  frequency  spectrum  with  relatively  small  losses,  2}  :| 

\  ■  ; 

|  the  high  degree  of  protection  of  the  links  from  the  in-  i 

|  *  i 

j  fluence  of  neighboring  circuits  and  external  noise,  3)  the! 
economy  of  this  communications  system  -as  a  whole. 

We  distinguish  between  trunk-  and  feeder-type 

*P 

.  ? 

coaxial  cables  on.  the  basis  of  their  function  and  design,  f 

| 

The  former  are  designed  to  transmit  the  frequency  spectrum! 

•  •  . .  ’  I 

to  8-10  me,  and  the  latter  to  transmit  up  to . several  j 

thousand  megacycles,  -I 

| 

The  trunk  cables  are  used  as  long-range  interurban  f 

i 

communications  equipment  and  transmission  of  television  | 

programs  over  great  distances.  They  are  distinguished  by  j 

the  heavy  protective  coating  which  permits  their  use  under! 

I 

all  types  of  conditions  (underground,  in  water,  etc.}.  j 

* 

The  feeder  or  radio  cables  are  used  to  connect  I 
transmitters  with  antennas,  In  the  cabling  of  radio  sta-  | 

■i 

tlons,  location  equipment,  and  other*  radio -frequency  equijf- 

ment.  A  long  nomenclature  of  high-frequency  cables  of  | 

! 

low,  medium,  and  high  power,  low-capacitance  arid  high- 
voltage  antenna  cables,  cables  with  variable  character¬ 
istic  impedance,  delay  lines,  etc.  comes  under  t)iis  head 
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i 

:  ing.  A  distinguishing  property  of  these  cables  is  a 
high  degree  of  flexibility  and  elasticity. 

|  The  trunk- type  radio  cables  are  diet! qgui shed  fcy 

\  the  d&sigh  of  their  insulating  layer.  As  a  rule,  trunk 

t 

s 

|  coaxial  cables  employ  composite  dielectrics  ( 

I  packthread*  spiral  supports s  etc* )  f  while  radio  cables 


\  generally  use  solid  insulation*  \ 

\  1  *  •  I 

!  The  basic  criterion  for  the  quality  of  cable  (aer-  i 

l  ? 

i  lal)  communication n  lines  is  the  width  of  the  frequency  \ 

f  *  *  i 

!  spectrum  which  they  transmit  effectively,  J 

f  ■ 

j  It  Is  natural  that  the  wl.de r  this  spectrum  is,  the 

|  :| 

j  greater  will  be  the  number  of  different  transmissions  .thatj 

|  can  be  carried  on  the  cable  main  in  question,  and.  the  j 

j  tetter  will  be  the  technical -economic  indices  of  the  sys-  • 

|  I 

{  tem  of  communication.  j 

i  ■  } 

|  The  ability  to  transmit  a  very  wide  frequency  spec-' 

I  trum  is  a.  characteristic . property  of  coaxial  designs.  In  s 

I  I 

j  this  case,  in  contrast  to  that  of  ordinary  symmetrical 
|  cables,  the  high-frequency  channels  in  coaxial  cables  are 
|  in  a  better  position  than  the  low- frequency  channels. 


nametrical  cables  and  aerial  lines  are  suitable 
|  for  use  In  a  relatively  small  frequency  spectrum.  Table 
5-1  give;  the  frequency -utilization  spectra  of  existing 
wire -communications  lines. 
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1}  FREQUENCY  SPECTRA  TRANSMITTED  BY  VARIOUS  COMMUNICATIONS 
j  LINES  5  ' 

2}  Type  of  line  j 

]  3)  Frequency  range,  cycles  j 

I  4j  Number  of  high-frequency  circuits 

I  5/  Symmetrical  -cable  .  | 

I  6 |  Symmetrical  cable  '  | 

I  73  Steel  aerial  circuit  ! 

j  oj  Copper  aerial  circuit  j 

I  9;  Loaded  cable  with  paper  insulation  I 

I  10)  Loaded  cable  with  e tyro flex  insulation  { 

I  11)  Coaxial  cable  j 

■  12)  same  •  j 

13)  Television  (black/white)  j 

•14)  Television  (color)  •  ..  J 

It  will  be  seen  from  the  table  that  the  aerial  j 

lines  are  used  in  the  spectrum  to  150,000  cycles,  and  j 


i  .  •»! :  ;  j*.  -y . >,V.V 'M/Ptlfl ‘  .tt&RW  .  i,1C.^' -TjStfWIW \ ,->n^*r  -“•Rtf1*' •  '.WAS sMUXrtAS*  *<?, 

|  this  permits  the  establishment  of  15  hf  telephone  circuits  | 

|  on  the  line.  -The  basic  obstacle  to  expansion  of  the  fra-  j 

]  quency  spectrum  transmitted  over  copper  wires  is  the  in-  ; 
I  i 

crease  in  mutual  interference  between  the  circuits  in  the  j 

■  i 

|  channels  lying  in  the  upper'  part  of  the  range .  Steel  cir-| 

|  '.  i 

|  cults  are  multiplexed  only  'by  1~£  hf  links  in  the  spectrum* 

I  ■  i 

j  below  10,000  cycles.  The  transmission  of  higher  frequen-  j 

J  •  I 

|  cies  5s  limited  by  the  sharply  increasing  attenuation .  j 

J  f 

I  Symmetrical  cable  circuits  are  multiplexed  by  12  f 

I  i 

|  (to  60  kc)  or  24  (to  108  fee)  telephone  links.  The  trans-  | 

j  mission  of  high  frequencies  over  them  involves  a  sharp  [ 

j  increase  in  eddy-current  losses,  in  the-  metallic  parts  of  j 

the  cable  and,  consequently,  in  increased  attenuation.  | 

&  E  j 

f  ~  ' 

|  In  addition,  mutual  interference  between  the  circuits 

|  rises,'  and  this  makes  adherence  to  the  normalized  ,-cross- 

|  talk  attenuation  difficult.,  ... 

£ 

j  Due  to  the  presence  of  the  additional -inductance 

|  coils,  coil-loaded  cables  are  likewise  unsuitable  for  the 
I  transmission  of  high  frequencies. 

I  .  j 

|  As  will  be  seen  from  the  table,  only  the  coaxial  \ 

|  cable  permits  passage  cf  the  frequency  spectrum  to  3-6  me 

j  • 

'  which  is  necessary  for  transmission  of  one  television  pro- 

I  J 

j  gram,  or  6C '  telephone  connections.  I 
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I  5-g.  Electrical  Processes  In  Coaxial  Circuits  f 

|  t 

I  The  large  frequency -transmission  capacity  of  the  | 

(coaxial  cable  Is  designed  into  it  by  concentric  arrange- 

bji»t'it  of  the  .forward-transmission  conductors  inside  the  j 

•. 

return  conductor,  .•  j 

|  The  characteristics  of  propagation  of  electromag-  A 

jnetlc  energy  along  a  concentric  line  open  the  possibility  j 
(of  subjecting  it  to  broad-hand  multiplexing  and  place  high-j 

r  *  | 

ifreauency  transmission. in  a  favorable  position  aa  compared  A 
to  low-frequency  communication .  The  interaction  of  the 

I 

electromagnetic  'fields  of  the  forward  ..and  back  wires  of  a  -f 
(  ■  I 

coaxial  cable  is  such  .that  its  ’  external  field  drops  to.  zerd. 

'  J 

•  For  simplicity,  let  us  consider  the . electrical  and  j 
magnetic  fields  of  the  coaxial,  circuit  separately .  | 

The  resultant  magnetic  field  of  a  coaxial  eabld 
is  shown  in  Fig*  5-1,  which  also  indicates  the  magnetic- 
field.  strength  $1%  and  for  each  conductor  (a  and  b) 

separately.  j 

The  magnetic  field  h|»  increases  in  the  metallic  j 

|  interior  of  conductor  a  and  diminishes  outside  it  accord-  j 

ing  to  the  law  h|?  =  ^  where  r  is  'the  distance  from  j 

[the  center  ..f  the  conductor.  •  I 

f  j 

j  The  field  h|>  of  conductor  b  is  represented  in  | 

{ conformity  to  the  laws  of  electrodynamics,  wnlch  establish! 


4  “*vr- ... N ti  -i* v  . |W  v.fcV*W  .1  _'.r>  -f-"* -'•f,'****^  «;/ •"■f  r*c 
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that  the  magnetic  field  ,1b  absent  inside  the  hollow  cylin-  \ 

> 

der  and  is  expressed  outside  it  by  the  same  formulas  as  . 

I  V’  *t* 

I  apply  to  the  solid  conductor:  =  7^  where  .r  Is  the 

f  J 

|  distance  from  the  center  of  the  hollow  conductor.  There-  | 

I  fore  In  determining  the  external  magnetic  fields  of  a  coax- 

I  -  5 

j  i8.l  cable  the  parameter  r  is  assumed  identical  for  the  two- 

I  .  4 

i  t 

(  conductors  a  and  b  and  reckoned  from  the  center  of  the  l 

|  conductors  (the  zero  point).  '  I 

In  view  of  the  fact  that  the  currents  in  the  conduce 
1  tors  a  and  b  are  equal  In  magnitude  and.  opposite  in  sign*,  ■ 


1  the  magnetic  fields  of  the  forward  and  back  conductors . 


j 


(H^  and  Hjp)  will  also  be  equal  in  magnitude  and  oppositely 
directed  at  any  point  in  space.  Consequently,  the  re-  j 
sultant  magnetic  field  outside  the  cable  will  be  zero:  j 

W,==«J+Wj  =  j"-f(- 2v)-°-  •  j 

Thus  the  lines  of  force  of  the  coaxial  cable’s  ] 

magnetic  field  are  arranged  in  the  form  of  concentric 
circles  within  it.  There  is  no  magnetic  field  outside  thd 

I 

!  cable.  j 

i  h 

I  The  electric  field  will  also  be  enclosed  within,  ; 

1  •  j 

|  the  coaxial  circuit  and  pass  in  radial  directions  between  j 

\ 

1  the  conductors  a  and  b,  and  will  therefore  also  be  zero  | 

i 

outside  the  cable. 


****** 
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Fig.  5~1*  Magnetic  field  of  coaxial  cable. • 

1}  field  of  cable j  2)  Field  of  conductor  Ma”) 
3;  Field  of  Conductor  Mbw. 


Fig.  5-2  shows  the  electromagnetic  fields  of  coax¬ 
ial  and  symmetrical  circuits.  It  is  readily  seen  that 
the  electromagnetic  field  of  the  coaxial  circuit  is  com¬ 
pletely  contained  inside  it,  while  the  lines  of  force  -of 
the  symmetrical  cable’s  electromagnetic  field  act  at 


Quite  considerable  distances  from  It 


The  lack  of  an  external  magnetic  field  is  respon 
sible  for  the  special  merits  of  coaxial  systems* 


h  awumh'  *  -ft1 — *•**#'1  .u^vtvwiW^i  : 


rod 


In  ordinary  symmetrical  circuits,  part  of  the 
energy  As  dissipated  in  the  fern  of  thermal  eddy-current 
losses  in  .the  neighboring  circuits  and  the  metallic  masses, 

f. 

surrounding  the  cable  (read  sheathing,  armor,  etc.)  due  to j 
the  presence  of  the  external  magnetic  field.  The  external  j 
field  is  lacking  in  the  coaxial  cable  and  no  losses  of  any?. 

S 

,•  i 

r 

j 

f 

\ 

I 

I 

i 

■f 

i 

'i 
1 
i 

k 

I 


Fig.  5-2,  Electromagnetic  fields  of  symmetrical 
and  coaxial  cables,, 

a)  symmetrical  cable;  b)  coaxial  cable, 
kind  occur  in  the  metallic  components  surrounding  it. 

Thus  all  the  energy  is  propagated  inside  the  cable  and 
transmitted  efficiently  through  it.  While  the  eddy -cur-  j 

■  t 

•  rent  Icesob  become  bo  largo  at  a  cei*tain  point  in  high—  I 

\ 

frequency  V-ran  amission  over  ordinary  cables  that  oommuni-  j 
j  cation  is  impossible,  coaxial  cables  are  not  host  to  this! 
deficiency,  and  .admit  of  multiple 
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j  Fig*  5-3*  Distribution  of  current  density  J 

1  in  inner  conductor*  ^  jj 

;  ■  4*  *  *v.v  =  e<Wy  ouOT3nt  | 

wide  frequency  spectrum.  In  this'  connection,-  -  it’  -is  inter*! 

| 

eating  to  consider  the  influence  of  the  skin  effect  and  j 

proximity  effect  in  coaxial  cables  and  determine  the,  [ 

1  *  ( 

j  nature  of  the  distribution  of  current  density  in  the  con-  | 

|  duetors  at  different  frequencies.  j 

The  current-density  distribution  in  conductor  a  is  j 

determined  only  by  the  skin  effect.  The  effect  of  the  prd- 

!  ! 

j  ximity  of  conductor  b  to  conductor  a  does  not  affect  the  § 

latter,  since  there  ia  no  magnetic  field,  inside  the  hollow 

■conductor  b  and  it  does  not  influence  the  current  density  j 

;  in  the  sell i  conductor  a.  | 

I  The  current -density  distribution  in  conductor  a  is  I 


•atmtMi 


--yWWN^^liWHBiaBy 


internal  alternating  magnetic  field  that  crosses  the 
interior  of  the  conductor  will  induce  therein  the  eddy 
currents  I.  which,  according  to  the  Lens  law,  are  dir-  \ 
acted  counter  to  the  corkscrew.  Therefore  the  eddy  curr¬ 
ents  coincide  in  direction  with  the  basic  current  at  the 
surface  of  the  conductor  (Iily  and  oppose  it  In  the 
center  of  the  conductor  (l  -  Iv  j.)  *  '  '  j 

As  a  result,  fhe  current  density  is  significantly  j 
higher  in  atones  near  the  surface  than  in  the  central  zones  j 
of  the  conductor,  .  I 


As  the-  frequency  of  the  current  transmitted  through] 
the  circuit  increases,  the  Influence  of  the  skin  effect 
becomes  stronger  and,  consequently,  the  current  Is  drawn  j 
increasingly  toward  the  periphery  of  the  conductor.  j 

Redistribution  of  the  current  density  over  the  sec 4 

I 

tion  of  the  conductor  b  is  governed  by  the  effect  of  its  j 
proximity  'to  the  conductor  a,  since  conductor  b  falls  witlj- 
I  in  the  sphere  of  influence  of  the  alternating  magnetic  j 

!  .  i 

J  field  created  by  the  current  flowing  through  the  inner 
|  (solid)  conductor  a. 

|  In  the  absence  of  conductor  a,  the  current  in  the 

j  hollow  conductor  b  would  be  drawn  toward  its  periphery 
by  the  ski  i  effect,  as  in  ordinary  solid  conductors.  How 
ever,  the  proximity  effect  of  conductor  a  results  in  a  1 

L~ - - — — - — - — - - — ■ — 11 
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*  I 

quite  different  redistribution  of  current  density  in  | 

I 

conductor.  b.  •  { 

As  indicated  on  Fig,  5-4,  the  alternating  magnetic  • 
field  set5 up  by  the  current  in  conductor  a  induces  eddy  | 
currents  (I,  <.)  inside  the  metal  of  the  hollow  conductor  : 
b:  these  circulate  about  the  field’s  lines  of  force  in  a 
direction  counter  to  the  rotation  of  the  corkscrew.  On 


Fig.  5-4.  Current-density  distribution 
in  outer  conductor. 

l)  b  2)  eddy-current 

the  inner  surface  of  the  conductor  b,  the  eddy  currents 
coincide  in  direction  with  the  basic  .  current  (I  *f  Iy  +.) 
and  on  its  outer  surface  they  oppose  the  latter  (l  -  I 


a 
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As  a  result,  the  current  in  conduct  or  b  is  redis¬ 
tributed  so  that  its  density  increases  as  v.e  approach  the 
nner  surface .  Consequently,  the  currents  in  conductors  a 
jand  b  will  be  shifted,  and  be  corue  concentrated  on  the  mu- 
jtuaXIy  facing  surface  of  the  conductors  (Fig.  5-5) . 

t 

t  '  The  higher  the  frequency  of  the  current,  the  more 
? 

[the  lines  of  current  are  shifted  toward  the  outer  surface 

i 

? 

{of  conductor  a  and  the  inner  surface  of  conductor  b. 


I 


f 


Fig.  5-5.  Tlie  concentration  of 

current  toward  the  mutually  fac~  J 

Ing  surfaces  of  conductors  a  and  j 
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Fig.,  5-6*  The  working  current  and 
the  noise  current  in  a'  coaxial 
cable.  A)  Working  current j  B) 
noise  current. 


{  Tt  is  as  if  the  -energy  were  displaced  from  the  inetaf. 

!  ■  ■  '  .  ..  j 

(mass  of  the  conductors  and  concentrated  within-  the  _  coaxial  j. 

I  .  j 

Scable.  in  the  dielectric,'  while  the  conductors  serve  only  tof 

!  '  j 

fdireot  the  -propagation  of  the  electromagnetic  waves*  •  ! 

i  ’  '  ■  ! 

|  The  current-density  redistribution  effect  and  the  | 

|  f 

jdisplaceraent  of  the  current  from  the  surface  of  the  conduc-j 

jtors  is  proportional  to  the  intensity  of  the  eddy  currents, j 

|and  is  expressed  mathematically  by  the  equations  j 

|  _  .  ,  I 

i  a  =  yt  K  =  1 

where  K  is  the  eddy-current  coefficient, 

I  ,  The._lftterferihft.-hlgte^^ 
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A. 


created  toy  adjacent  transmission  circuits  or  other  noise  f 
sources,  and  acting  at  the  outer  snell  (conductor-  to)  of  the  [ 


jcoaxial  line,  will  also  be  propagated  only  around  the  sur-  . 
jfaee  of  the  cable  rather  than  into  its  entire  cross  section 

(Here,  as  for  the  proximity  effect,  the  noise  currents,  will 

i  I 

[be  concentrated  at  the  surface  of  the  conductor  that  faces, • 

!the  current  source.  Again,  the  greater  the  frequency  of  thej 

»  | 

jrsoisse  current ,  the  less  deeply  it  will  penetrate  into  the  | 

I.  {. 

{outer  conductor  of  the  coaxial  cable,  .  I 

I  f 

|  Thus,  the  outer  shell  of  a  coaxial  cable  performs  ] 

two  functions:  l)  acts  as  the  return  conductor  of  the  trane 
mission  circuit  (conductor  to),  !?.)  protects  (screens)  the 
transmission  that  is  preceding  along  the  cable  from  inter-  j 
faring  effects. 

.  It  is  clear  from^lg, '  5-6  that  the  basic  transmission 

(current  is  concentrated  at  tbs  inner  surface  of  conductor 

|b  of  the  coaxial  cable,  while  the  noise  current  is  concen- 

It rated  on  the  outside  of  the  outer  conductor. 

} 

The  depth  of  penetration  of  both  the  fundamental 
current  and  the  noise  current  into  the  thickness  of  the 
conductor  Is  determined  by  the  eddy -current  coefficient. 

The  higher  the  frequency  the  greater  the  distance  that  sep¬ 
arates  the  '  asic  current  and  the  noise  current,  and,  conse¬ 
quently,  the  better  the  protection  of  the  cable  from  the 
ction  of  extraneous  noise.  _ 


*  . 
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Tims,  In  contrast  to  other  'types  of  cable,  which 
require  special  .measures  for  protection  from  Interference 
|  (balancing,  screening,  etc,),  this  prWtfeStihn'l-s  provided 
in  coaxial  cables  by  the  structure  itself.  Again  in -con¬ 
trast  to  other  cable  systems,  the  screening  ability  of 
I  the  coaxial  cable  Increases  as. the  frequency  rises,  I 

1  •  '  '  •  l 

I  •  .  In  order  to  achieve  the  required  degree  of  pro tec-  \ 

j  •  -  •  '  ' 

i  tlon  of  the  transmission  in  a  coaxial  cable  from  noise,  | 

!  ■  v  J 

|  it  is  necessary  to  insure  that  the  noise  current  pene-  *  | 

I  '  '  g 

I  tratlng  into  the  depth  of  the  outer  conductor  h  does  not  | 

|  reach  the  fundamental  current,  which  is  concentrated  on  j 
I  •  -  * 

!  it a.  Inner  surface.  Thus,  the  thickness  of  the  outer  con-  i 

f  .'•■■■  j 

|  duo tor  is  so  calculated  that  there  will  be  a  fixed  inter-  j 

val  between  the  depth  of ' penetration  of  noise  currents  ! 

and  the  basic  current,  j 

|.  From  what  has  been  said  above  It  follows  that  the  j 

fundamental,  advantages  of  a  coaxial  cable  (low  attenua-  j 

tlon  and  high  resistance  to  interference)  are  especially  f 

I 

I 

effective  in  the  high-frequency  portion  of  the  transmitted! 


frequency  band! 


With  direct  current  and  at  low  frequencies,  where 


|  the  current  occupied  practically  the  entire  cross  sections! 
of  the  conductors,  the  advantages  of  this  cable  disappear,! 

since  a  coaxial  circuit  is  unbalanced  with  res 


Moreover, 


r MWStfWffi  C. 
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j pect  to  other  circuits  and  grounds  (the  parameters  of  con- j 
|  duo  tors  a  and  b  differ),  symmetric  cables  are  better  in 

|  the  low  frequency  range  in  all  respects. 

f  « 

!  In  accordance  with  established  practice,  coaxial  f 

t  *  *  L 


v 

{  cables  are  used  in  the  60  kc  .to  4-10  Me  band,  with  6 0  kc 

l  being  used  as  the  lower  limit  for  multiplexing  of  these 
I 

I  lines. 


1  This  frequency  distribution  permits  coaxial  and  i 
j  '  l 
!  balanced  circuits  to  be  combined  effectively  into  a  com-  \ 


j  bination  trunk  cable  with  no  danger  of  interaction  between: 
|  them,  ’  '  | 

y  5-3.  STRUCTURE  OF  COAXIAL  TRUNK  CABLES  j 

i 

With  respect  to  dimensional  relationships  (d/c)  | 

the  trunk  coaxial  cables  presently  in  use  may  be  class!-  j 
I  fled  as:  small,  1.83/6.7,  medium,  2. 6/9.4,  and  larger,  j 


The  numerator  of  the  fraction  designates  the  out¬ 
side  diameter  of  the  Inner  conductor,  d,  in  mm,  and  the 
denominator — the  Inside  diameter  of  the  outside  eonduc- 
|  tor,  D,  in  mm. 

In  many ' countries,  cables  are  used  that  have  dlf- 

I-  f eren t  ratios  ( 3 . 17/1 1  •  7 } 
fled  as  medium. 

In  order  to  become 


2.65/S. 55) J  these  may  be  class!- J 


familiar  with  exisbing  types  of 


Li 


j  coaxial  cables.  It  is  necessary  to  characterise  the  re- 
|  malning  structural  elements  (the  inner  conductor.  Insula 


1  tlon,  outer  conductor,  shield,  etc,.} 


|  I.  Inner  Conductor  S 

j  j 

The  requirements  for  this  conductor  are :  a)  Good  \ 

|  electrical  .conductivity;  b)  non -magnetic  behavior  (|.|  «  l)jf 

<1.  ? 

I  c )  mechanical  strength  and  adeouate  flexibility;  d)cyllnd-f 

!  ’  .  i 

•  rical  shape.  There  are  cables  with  the  following  types  of  i 

| 

j  Inner  conductor:  Solid,  hollow,  bimetallic,  flexible,  j 

I  ,  > 

i  twisted  from  Individual  thin  wires  (sometime a  enameled),  j 

*  In  the  majority  of  cases  coaxial  cable's  are  manu-  j 

t  i 

f  factured  using  a  solid  copper  inner  conductor  with  a  di-  | 

I  ■  .  I 

f  ameter  ranging  from  0.3  to  10  mm.  M Pro t opal”  is  most  often! 

!  f 

found  In  the  center  of  bimetallic -type  inner  conductors .  J 

|  In  the  5/l8  cable,  in  order  to  save  copper,  the  inner  1 


|  conductor*  Is  made  with  an  aluminum  core  coated  with  cop- 

I  per  C.13  mm  thick.  Protopal  is  manufactured  by  cold  work- 
! 

|  Ing  using  a  machine  which  in  one  operation  longitudinally 

|  notches  the  .aluminum  core,  applies  the  copper  tape,  and 

{ 

I  rolls  it  In. 

|  A  bimetallic  co„,  ls  3„  ^,nea  that  tbe 

l 

j  current  in  if  does  not  penetrate  to  a  depth  greater  than 
|  the  thickn-^s  of  the  high-conductivity  surrounding  shell 
|  (copper,  silver). 
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*  * -r^-t W  jmnwf  minor  -  .ttTmrr  nwrr  mitrrr  — — ***•  \ 

Multi-conductor  inner  conductors  are  not  found  in  £ 
trunk  coaxial  cables,  since  solid  conductors  have  stiff i-  \ 

i 

c lent  flexibility. 

II.  Insulation  -  j 

I 

The  dielectric  of  a  .coaxial  cable  trust  rigidly  pro  -  l 

\ 

serve  the  concentricity  of  the  inner  and  outer  conductors 
,  '  \ 
both  In  production  and  in  service.  In  addition.  It  must  j 

•  ‘  y 

approximate  the  electrical  insulating  properties  of  air  J 
as  closely  as  possible  (tan  $  &  Oj  £  «stf  1;  p  m  co),  as  it  | 
is  the  ideal  dielectric.  The  difficulty  of  combining  thesef 
two  requirements  has  led  to  the  creation  of  rather’ com¬ 
plicated  dielectric  structures  (beads,  supporting  spirals. 


caps,  cord  frameworks,  etc. ). 'Insulation  may  be  subdivided] 

:  » 

Into , uniform  and  combined. 

Combination  insulation  is  used  exclusively  for  ■* 
trunk  cables;  the  ratio  of  the  vcluiii.es  of  dielectric,  V^, 
and  air,  V_,  in  existing  types  of  cable  is  approximately 

C5- 

■vdAa«  (1/10^(1/30). 

Combination  insulation  is  discontinuous  or  contin¬ 
uous,  ;  -j 

A  typical  variety  of  discontinuous  insulation  Is  ] 
bead-type  insulation,  made  by  locating  beads  (20-60  mm)  | 
on  the  Inner  conductor • of  a  coaxial  cable. 

Cords,  supporting  spirals,  multi-layer  tapes,  caps. 


20? 


\’ 


|  and  also  -frameworks  are  elasslfi led  as  ‘continuous-type  ;  in-  j 

I  .  •  I 

|  sulaticn*-  i 

I  Dielectrics  used  for  coaxial  cables  must  have: 

S  y  ,  ;f 

a)  Excellent  and  stable  dielectric  properties  over  I 
\  .  •  f 

!  &  wide  frequency  band  fa  low- value  of  C  and  tan  $  and  a  { 

l  .  ■■  | 

|  high  value’  -of  ^  and  E  )  j  .  f 

i  b)  mechanical  strength;  ? 

|  .  ‘  i 

|  c)  low  hygroscoplolfcy,  and  properties  which  do  net  | 

I  Change  over  a  very  long  period  of  service, 

'  Technical  treatment  of  the  dielec trie'  must  be  sim-  1 

!  pie,  | 

I  .  *  i 

:  | 

Although  when  coaxial  cables  were  first*  being  pro-  f 

■  m 

|  duced  ceramic*  rubber  old  and  fiber  dielectric^. ’  were  used*,  | 

|  at  present  the  basic  insulating  medium  is  a  plastic,  such  J 

i  •  t 

i  as  s  tyro  flex  or  polyethylene  „  '•  ",  ■  *  ... ' 

■  f 

;  Plastics  are  distinguished  by  the  stability  of  \ 

their  excellent  electrical  characteristics,  especially  at  j 

high  frequencies,  and  by  possessing  adequate  mechanical  ! 

•  i 

j  strength  and  by  the  simplicity  with  which  production  opera X 

I  ■  .* 

f t ions  may  be  performed  on  them,  '  ; 

I  Ceramic  insulation  is  chiefly  used  nowadays  for  | 

|  cables  Intended  .for  high- temperature  service. 

Production  and  operating  experience  has  shown  that 
[the  most  acceptable  form  of  insulating  structure  for  trunk 


coaxial  cables  Is  the  bead  type  of  inflation*  its  ad¬ 
vantages  have  recently  been  especially  increased  in  con¬ 
nection  with  the  wide  introduction  of~ p<51yd thyiene ,  which  j 

permits  wide  automation  of  all  manufacturing  processes  ..  j 

| 

involved  in  the  insulation  and  production  of  cable,.  '  j 

1. 

The  physical,  mechanical,  and  electrical  properties* 
of  various  cable  dielectrics  are  considered  in  detail  In  i 


// 


Chapter  9*  » 

Here  we-  will  consider  only  the  most  typical  designs j 

:  -  .? 

and  methods  for  insulating  trunk  coaxial  cables*  1 


a)  Bead-Type.  Insulation 


"  '  Here  the  cable  is  insulated  by  using  beads,  spaced  ft 

fixed  intervals.  (20-60  mm)  along  the  inner  conductor  (Fig. 


5-7). 


rig,  5-7 ♦  Bead -insulated  Cable 


The  hole  in  the  bead  corresponds  to  the-  diameter  ( 

\ 

of  the  Inner  conductor ;  Its • outside  diameter  will  match  > 

? 

the  inside  diameter  of  the  outer  conductor. 

The  raw  material  for  the  beads  may  be  polyethylene,  j 

.  ■  •  | 

polystyrene,  the  "frekvent”.. type  ceramic  or  steatite,  \ 

•as  well  as  solid  rubber  (ebonite )  *  -  .  1 

Basic  design  data  for  insulating  beads  are  given  ; 
in  Table  5-2.  '  ; 

Table  5-2.  I 

DESIGN  DATA  FOR  BEAD-TYPE  CABLE  INSULATION  I 


Cable  Type; 

Bead  Material,?  Be; 

1 

) 

3,d  Spacing, 

|  mm. 

Thickness  of 
|  Bead,  mm; 

5/18 

Ceramics-; 

|  60 

!  b 

5/18  ; 

Polystyrene 
i  and  Ceramic; 

:  60 

1 

!  3 

2. 6/9. 4 

Po  lye  thylere  ; 

25 

o  o 

1.83/6.7 

Polyethylene;  j 

20 

1.78 

1.83/6.7 

Ebonite  -J 

20 

1.6 

For 

Installation  on  t) 

le  conductor. 

a  lateral 

|  notch  Is  cut  In  polyethylene  beads,  while  in  ebonite,  f 

•  1 

;  polystyrene,  .  or  ceramic  beads  a  groove  Is  cut.  1 

^  .  '  '  .  i 

i  In.  order  to  simplify  the  cable  structure,  the  beads! 

\  ;  | 

|  are  so  located  that  the  lateral  notches  periodically  | 

|  change  their  position  by  1 80° „  s 

i  .  ■  '  i 

|  b)  Cord -Type  Insulation  j 

|  J 

|  In  this  type,  of  insulation,  two  cords  are  normally  I 
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I 

i 

i 

! 

i 

i 

•?: 

y' 

j 

i 

'i 

l 


I 


! 


i 


,  r  /  i  •  ‘  ■.?  ,  S'  *+  ■  C  *  ?**'  &’•.**  J  '-J  *  "  ry  ,  P?**'**-  <  '  *>*«  ** '  iV/f  S’  V  ^  . *  ‘  ‘  ‘  „ 

used;  they  are  wound  about  th-'  inner  conauc  cor  in  an  open  j 

spiral  (Fig,  5-8),  They  are  used  exclusively  in  small  and  j 


medium- si ze  cabl  a a , 


Fig,  5-8,  Cord-Insulated  Cable  With  Z- Shaped 
Outer  Conductor 

l)  lead  sheath;  2)  symmetric  pair;  3)  symmetric  quad; 
4 )  symmetric-circuit  shield t  ^ 5)  coaxial  circuit; 

6)  coaxial -circuit  shield;  7)  outer  conductor  of  co¬ 
axial  circuit;  8)  insulation  (kotop  cord);  9)  i  after 
conductor  of  coaxial  circuit. 


A  drawback  to  the  use  of  cord -type  Insulation  is  ( 

i 

X 

the  considerable  volume  of  dielectric  in  the  insulating  { 

| 

layer,  and  for  this  reason  the  poor  electrical  properties  \ 
|  (  l  and  tan  £>  )  of  the  cable,  i 

l 

j  c )  Styroflex  Supporting  Framework  | 

I  | 

I  Structurally,  this  type  of  insulation  consists  of  \ 


I  two  layers  of  styroflex  combination  cord  (Fig.  5-9)*  which. 


takes  the  form  of  a  spiral  with  a  thin  filament  running 
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Fig,  5-9*  Cable  with  s't-yroflex  frame-type  insulation 
and  an  outer  conductor  of.,. overlapping  half- 
tubes. 


§ 


Fig,  5-10.,  Cable  with  an  outer  conductor  of  ordinary 


j  Over  each  layer  ’there  is  a  winding  of  thin,  styro-  j 

|  flex  tape.  The  diameter . of  the  styroflex  filament,  is  0,6-  | 

1  '  ■  .  .  } 
}  1.4 'mat,  the  thickness-  of  the  tape  is  0,06-0,1  m*  \ 

!  Frame- type  insulation  is  widely  -used • in  large- 


diameter  cables 


I  Cables  having  a  single  layer  of  spiral -cord  styro 

| 

f  flex  Insulation  are  also  encountered  (Fig,  5-10), 


III.  The  Outer  Conductor. 


To  .jet- her  with  the  insulation*  one  of  the  most  com¬ 
plex  structural  elements  of  the  cable  la  the  outer  con&uc 


Froi)a  -  the...  point.,  of  ...view.  of,...Al&clgical-jiconfir^^ 
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j  the  coaxial  cable,  the  best  form  of  outer  conductor  is  a  j" 


|  hollow  cylinder  which  is  uniform  over  itjs  entire  length.  | 

!  In  this  case  all  of  the  energy  is  propagated  along  the  •  • 

|  -  I 

I  cable  in  the  axial  direction  with  no  additional  losses  or  j 
I  distortion*  • 

\  •  s 

l  i 

j  Punctures,  dents,  seams,  twists,  and  other  non-uni- | 

(  I 

|  f oi-mi ties  in  the  structure  of  the  outer  conductor  distort  j 

j  ■  1  i 

l  the  electrical  field  within  the  cable j  this  results  in  ad-} 

1  ,  ! 

|  ditional  thermal  losses  owing  to  eddy  currents,  .  | 

I  ,  ■£ 

I  It  is  exceptionally  difficult,  however,  to  manu-  1 

I  _  i 

1  facture  a  sufficiently  long  cable  with  a  cylindrical  outer ^ 

i  } 

|  conductor,  and  in  addition.  It.  would  not  be  flexible.  | 

|  ) 

I  The  technical  difficulties  in  producing  a  cylind-  | 

I  rical  outer  conductor  account  for  the  fact  that  at  present j 

j  there .  are  as  many  as  15*20  different  designs*  -  Of .these,  j 

i: 

the.  following  have  found  fairly  wide  use-  in  trunk  cables:  j 
|  &)  Conductor  of  Rectangular  Copper  Tape 

I 

In  this  type  of  construction,  12-20  copper  tapes, 
j  of  rectangular  cross  section  (Pig.  5-10), are  wound  spirally, 
!  with  large  spacing,  along  the  length  of  the  cable,  with 

;•  r 

j  each  tape  abutting  the  next.  Above  this  a  thin  copper  tape 
5 

|  is  wound,  in  the  form  of  an  overlapping  lateral  spiral, 
holding  the  entire  structure  together.  -  | 

A  substantial  drawback  to  an_  outer_cond\ictor  of _ J 
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j this  type  Is  the  instability  of  the  electrical  parameters  j 
|  over  long  periods  of  service ,  The  opcide  film  -which  forms''  ( 

I  i 

|  at  the  abutting  edges  of  the  tapes  Increase  the'  contact 

?  - ' 

l  :■ 

|  resistance  between  them  and  destroy  the  continuity  of  the ;  j 
I  cylinder1*  conductivity  along  its  perimeter*  As  a  result.  I 

f  ’  | 

i  I 

I  the  current  is  forced  to  travel  in  a  spiral  path,  which 

|  •  •  •  '  *■ 

{  creates  a  longitudinal  magnetic  field,  and  gives  rise  to  j 

|  additional  losses  in  the  transmission  circuit,  | 

¥  | 

b)  Conductor  of  55-Shaped '  Copper  Strips  j 

:  ) 

Ab  shown  in  Fig,  5~&.»  12-24  strips  having  a  Z-  •  | 

|  shaped  cross  section  are  wound  in  .an  overlapping  spiral '  j 

.with  a  large  longitudinal  spacing;  this  produces  adequate  j . 

|  continuity  of  the  cylinder’s  conductivity  along  the  perim-j 
f  ,  ,  ' 

f  euer, 

\  In  comparison  to  the  first  design,  this  structure  J 

|  provides  more  reliable  contact  between  -the  tapes  and  ac-  j 
‘cordingly  greater  stability  of  the’ electrical  parameters  ! 

I"KM“-  i 

s  Until  recently,  the  Z-shaped- s trip  outer  conductor  f 

J  '  '  I 

has  been  widely  used  in  the  manufacture  of  small  (1,83/  j 

6,7)  and.  medium  (2.65/9.55)  trunk  cables,  [ 

l 

i 

i 

c)  Tubular  Oonduotox*  f 

Tubular  conductor  (Fig.  5-11)  is  chiefly  used  in 


2X4 


.  < 

large  cables  having  be ad -type  insulation.  It  Is  made  of  i 


copper  or  aluminum.. 


id " 


s  pi 


Fig.  5-H.  Cable  with  a  tubular  outer  conductor-. 

The  conductor  i?  made  in  the  form  of  a  continuous 
lngle-seara  copper-  tube  0.35  mm  thick.  Every  50--6C  mrn,  a 
small  longitudinal  notch  is  cut;  and  lateral  channels  are 


stamped-- bo  as  to  form  a  coupling.  The  insulating  beads  are| 

f 

located  at  these  points.  An  outer  conductor  is  also  used  j 

> 

that  consists  of  50-70  mm  long  tubes.  '  j 

j 

d)  Conductor  Formed  of  Half --Tubes  j 

A  conductor  consisting  of  a  longitudinal  copper  j 

I 

tube  with  two  longitudinal  seams  is  made  by  stamping  two  • 
long  copper  strips  0.35  mm  thick  into  semi  --cylinders  ^Fig.f 


5-9).  Lateral  channels  are  made  every  20  nsa  along  the 
entire  length  of  the  strips.  In  order  to  strengthen  the 
two -seamed  cylinder.,  the  strips  are  assembled  with  the 
lateral,  channels  displaced  with  respect  to  one  another. 


I 

l 

i 
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Both  the  single -and -double  seamed  tubular  conductor  ”; 

►  ■  t 

i 

are  used  in  large  cables .  | 

i. 

a)  ?! Zipper w- Type  Conductor* 

-  | 
t 

This  is  conductor  made  of  a  continuous  cylindrical  l 

i 

tubs  having  a  single  longitudinal  zipper- seam  (Fig*  5-12), * 
A  0,25  Jam  thick  copper  strip  is  used,.  j 

As  is  shown  in  Fig*  5-12,  the  teeth  on  the  edges  j 

l 

of  the  strip  are  offset,-  and  when  the  strip  is  bent,  a  f 

I 

rigid  and  quite  durable  cylinder  is  formed.  ; 

I 

Structurally  and  electrically  this  type  of  outer  j 

*  I 

conductor  Is  the  nearest  to  an  ideal  cylinder.  One  of  its  j 
faults  Is  insufficient  flexibility. 


Pig.  5-12.  "Zipper "-Type  Outer  Conductor 


f 
j 

i  This  conductor  design  -was  developed  comparatively 

i 

f  recently,  and  is  widely  employed  in  the  manufacture  of 
small  and  medium-sized  cables.  It  is  too  rigid  to  be  used, 
easily  in  large  cables. 


IV,  SHIELDING  AND  GABLE  ARMORING 


? 

|  s 

{  Per  protection  against  internal  and  external  noise  ; 


j  at  low  frequencies  (60  kc)>  coaxial  cables  are  generally 

I  .  ■  ■ 

!  provided  with  shielding*  Shielding  1 s  also  necessary  in 


order  to- screen  out  the  external  electromagnetic  field 


I 

^  which  if?  caused  by  eccentricity  of  the  inner  and  outer 

} 

{  conductors,  which  is  unavoidable  in  nroductior*  At  the 


j  same  time,  shielding  increases  the  mechanical  strength  of  { 


f  the  cabk  and  contributes  to  the  stability  of  its  eharac- 

{ 

t  teri sties. 


As.  a  rule,  shielding  consists  of  a  winding -of  two  | 
steel  tapes  having  thickness  of  0.15-0*30  mi  and  width  \ 

i 

of  10-15  asm,  wound  asNaund  the  outer  conductor  of  the  cable: 

i 

t 

So  as  to  overlap,  } 

A  shielding  shall  is  chiefly  used  in . single-cable  j 

t 

communications  systems,  where  several  ec axial  pairs  are  j 

i 

I 

located  in  the  same  cable. 

the  balance  of  the .sheathing  (lead  and  armoring) 
of  coaxial  cables  Is  the  .same  as  that  used  in  symmetric 
cables , 


5-4.  The  Eddy-Current  Coefficient  and  the 
Depth  to  Which  an  Alternating  Current 
Penetrates  Into  the  Conductors 

In  order  to  make-  a,  quantitative  evaluation  of  the 
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electrical  processes  occurring  in  coaxial  cables,  and  to  j 
compute  their  parameters,  it  Is  "first  necessary  to  consider 

^  t 

5 

the  expressions'  for  the  eddy  coefficient  K,  and  for  the  '  .< 

.  *  R 

5 

equivalent  depth  to  which  an  alternating  currant  penetrates 
Into  the  metal,  0  »  •  -  | 

It  has  been  shown  above -that  eddy  currents  force  .  i 
the  basic  currents  toward  the  surface .  of  the  conductor 
that  faces-  the  source  of  the  back  current »  The  effect 

i 

of  eddy  currents  is  proportional  to  the  frequency  of  the 

*:  .  ...  ‘i 

transmitted  current,  as  well  as  to  the  electrical  eond.ua ~  | 

■  i 

tivity  and  magnetic  permeability  of  the  conductor  metal,  f 

1 

The  eddy  currents  are  expressed  in  terms  of  the  co~g 
efficient  ■, 


3  =  VI K  =  VMhfi  =  fr%  +/ 


,  K 


Ke. 


(5-1) 


where  the  coefficient.  K  characterizes  the  attenuation  of 
energy  within  the  metal,  while  the  angle  represents  the 
phase  shift  of  the  current  as  it  passes  along  the  metal. 

Unlike  direct  current,  alternating  current  does  • 
not  flow  uniformly  through  the  entire  cross  section  of  a 
conductor,  but  concentrates  to  a  fixed  radial  depth  along 
the  entire-  periphery  of  the  conductor.  Thus  the  effect  of 
eddy  currents  and  the  surface  effect  caused  by  them  may 
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|  t><*  expressed  in  terms  of  the  equivalent  depth  P  to  which 
the  currents  penetrate  into  the  conductor.  This  depth  is 
j  numerically  defined  to  bo  the  thickness-  of -the-  wall  of  a 
I  hollowed  cylindrical  conductor  having  a  direct-current 
I  resistance  equal  to  the  resistance  of  a  solid  conductor 

f 

f 

|  of  the  same  diameter  to  alternating  current  (Pig,  5-13) 

|  j 

|  ( V  Of  the  hollow  cylinder  m  R^.  of  the  solid  cylinder),  j 
I  i 


ig,  5-13.  The  equivalent  depth  of. penetration  of  an  al¬ 
ternating  current  into  a  conductor  { Q  ) . 

R/w  is  the  resistance  of  a  solid  cylinder’  to 

alternating  current j  Rcf  is  the  resistance  of 

a  hollow  cylinder  to  direct  current. 


It  is  clear  that  the  greater  the  frequency  and 

the  stronger  the  surface  effect,  the  thinner  the  wall  of 

j  the  equivalent  hollow  cylinder,'  .and  correspondingly  the 

greater  the  resistance  of  the  conductor. 

The  stronger  the  eddy  currents,  the  shorter  the 
I 

j|  distance  to  which  currents  penetrate  into  the  metal;  the 
{distance  is  Inversely  proportional  to  the  real  coWoner ti_ 

tewwitMWRm.M ■  rjww** ■**+—** • , * — » ’■**—  — 1  •^w-n*n* ' "n 1  *  ’  **^wj‘*" 
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TABLE  5-3 


A 

i  The  Eddv-Currer.t  X  end  '  the  Tfepth  of  Penetration,  I 


9  , 


for  Various  Metals. 


to 


j{o/;v  M0Ji^  j  Q»OJt./yrj*:*>  | 


V 


S)  ^ 


Cra.is*,4> 
iCar’HC’i^ .  . 


0,0173 
0,023!  ; 

! 

!  0? 

|  34,30 

1 

l 

i 

1 

1  '  * 

j0.2i  Yf\ 
10.104  Vf\ 

0,iS9  j 

i  7,23 

10c 

0,75  V/\ 

0,?2i  j 

.  t 

4,52 

1 

0,009  V7\ 

t 

'  A )  Me  tal  r  P )  Copper* >  •  C )  A1  umi  nun  j 


& 


(  D)  Eteoi  j  E)  Lead i  P)  Olune^ncit^/aii  G )  mho.m/mm? 


•  Table  5*4  and  Table  5-14  give  9  as  a  function  of 
frequency  for  various  metals:  They  show  that  as  the  fre 


f  quc-ney  of  the  transmitted  current  increases.,  the.  depth  of  ! 


penetmc)on  Bharpi5'  d,“'f,sc- T,raB-  for  thr  d’pU\i 

I  of  penetration  at  £  *  10°  cpu  is  0.21  cm,  while  at;  f  »  I0^> 


ipc  it  is  only  0,0067  cm. 


In  a  steel  conductor,  the  eddy-current  effect  Is  I 


stronger  than  In  copper,  and  thus  $  is  3.6  times  smaller 


j  for  steel  than  for  copper . 

j  In  comparison  to  other  cable  metals,  lead  al lows 

i 

the  greatest  depth  of  penetration  of  a  current. 


g  OAit? 
1 


L 


.  - 
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TABLE  5. 


('•  <5)g> 

'***..»»  -.’W" 

(C,)  Mesb  , 

v -****"  -  y 

£jgj)  AwWtaHHKfll 

j(£)'  • 

\fp*}  Csnr-?u 

m 

0,21 

[ 

1 

0S27 

|  0,06 

0,76 

&*  10* 

-0t02?2 

0,035 

1  0,007? 

0,098 

10* 

0,0.21 

0,027 

!  0,006 

0,076 

10» 

0,0067 

0,0036 

0,0019 

0,024 

10’ 

0,0021 

0,0027 

'  0,0005 

■0,0076  • 

Kf 

0,00967  • 

0,00086 

0,00019 

0,0024 

10& 

O.OOC21 

■  0,00027 

0,00006 . 

C, 00U76 

10*0  , 

'  0.00C067 

0,000085 

1 

0,000019 

i 

■'•0,00024 

Depth  of  Penetration  of  Current  into  Various 
Metals  as  a  Function  of  Frequency.  A)  f,  cpsj  B)  Depth 
cf  Penetration*  c m;  C)  Copper;  D)  .A lumiritraj  E)  Steel; 

F)  Lead* 


5-5.  Calculating  Coaxial -Cable  Parameters 

At  frequencies  of  60  ko  and  above,  the  coaxial’ 
cable  parameters  H  *  L,  C,  and  G  may  be  computed  ac¬ 
cording  to  the  following  formulas. 
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The  resistance  is  .composed,  of  the  resistance  R^  of  f 
the  inner  conductor  and  Ftp  the  resistance  of  the  outer  '  | 
(hollow)  cylindrical  conductor.''* 


R~R*-b 


,.  (  K 


‘  \2V  2vtfi  *  2Vl 


f  (5-5) 


where 


2  %£■*>»  '3  *—  2  »  Ti —  T 


or  in  the  units  ■  commonly  used  in  communications  work 
pressed  per  kilometer)  we  obtain:  . 


where 


ty  D  -  ,  n  '  //C-IG3  j  tf-lO*  \ 

£3  21^2*  K/(»1-  i0“5; 


(5-6) 


|  •  ^ 

I  f  is  the  conductivity  in  m}io*m/:mH<i  (e.g.,  for  cop- 

|  pexj  f  a  57)  j 

|  D  and  d  are  the  diameters  of  the  outer  and  the  in- 

|  ner  conductors  in  mb? 

^4  is  the  magnetic  permeability  (e.g.,  for  copper, 

^  S5  1  ) # 

By  using  the  numerical  value  of  the  eddy-current 
coefficient  in  formula  (5-6),  we  obtain  an  expression  ■•' 


\  which  is  simpler  for  computation 


«.•*;» "*wr  vv.iismt  rip 

i 


\/\ *?._?_ 
i  y'io  «* 


P +«„  =  {?/  cL^--i  + 


2  !  % 
V*io*/>7 


i)  (.*„/**].  (5-7) 


l  If  both  conduc tors  are  made  from  the  same  .metal, 

t formula  (5-7)  takes  the  form: 


R  = 


/«?  2  /i  |  nh  * 

ff  ,  JT  )jJ 


*1 

7 


rii. 


W 

It 


I  The  values. ol' 


• .,/  i; 


are  given  below  for  various  metals.- 


I  A)  Metal |  B)  Copper.;  C)  Aluminum?  I>)  Steel?  F.)  -Leeds 


//)  Hl 

<3 


sifveaoR&nno  McrfiJMs 


/? 


(g£>Me.*i» .  .  , 

rOAfliOMHHMtl 
(£JjCi%sib  .  . 
J~)Cb»<hg«  *  . 


e,  i32  vr 

0,1/1  fj 
37,2  YJ 
4,7  Yf 


For  a  coaxial  cable  with  copper  conductors,  formula-; 

i 

(5-8)  may  be  written:  I 


/?  =  /?,  +  /?„  =  0; 


'^/(f  tgr)  [•*"/*■«]. 


■p«n; 


\ 


;  where  d  and  D  are  the  diameters  of  the  conductors  in  irdlli-j' 
^  meters.  ! 

Table  5-5  and  Fig.  5-15  and  5-16  give  the  results 

s  of  the  computation  of  ths  resistance  R  and  other  parameter^ 

!  ■  '  ; 
j  for  a  type  2. 6/9. 4  coaxial,  cable  for*  the  7-10  I>Ic  frequency  < 

|  hand.  It  Is  clear  from  the  frequency  chart  that  the.  in ere as 

j  In  the  resistance  is  determined  by  the  value  of  y  §  .  j 


!-■ . ~~m>p 

:  &  t  r  ft  (  /j  /jsteNq * 1 — ™r — —j — -p 

I  t  1  </  i  i 

I  I  j  I 

I  mm  <mm — I — r — — r — 1 — t — f — 


4 - - J 

l 

•  ! 


[£J 


III  I  j  [I  |  i  j 

*  m  i  i  i  jm  Pr  i 


M  !  I/Pi  \M 

4Ct  !  X  r  4$ 1 - j — ~y — !• — 


jjff  I  |  fQ  ’  £Q  *"*j- 1 '  '  '  1“  f Utt'  ■*  I.™  -'p-  -™“  - . 

*  .J^j  I  I  [  !  j  !  I  If 

"  am  t  I  >  4  .  t(“!l$~X.Z 

\  Fig.  5-15.  Frequency  Dependence  of  the  Primary' Parameters  j 

I  j 

j  for  a  2. 6/9. 4  Coaxial  Cable.  A)  Chm/kmj  B)  Mh/kmj  C)  M11I1J- 
i  ml or o farads/km j  D)  Micro  mho/km:  E)  Me.  \ 
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:  1 1  hi 

..  i!$3|*  Jfi0fr24l - [ 

i  MM 


m\mm  2\ 

MM 

m-wlwl  L 


Iri^i 


Ud£C 
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i_4:i 


/fl 


nfiM«*URf 

u_L 


>1 

/.]JfewK  Itantn*!***. 
> 


X—J - U 


JdHOi  ■60\ 
i  !  i 


1  /  i/1  J  11  Li  1_ 

I  eot  20  •  -  -  i~s~yA - j— -H — 1~  • — | — ~j~ - — ~x j- — | -  +*■ 

j  j  i  I  f 

0,  0\  e\  4,  ■ — J — j — |- a  x; i“M  "j^fH 

I  Pig,  5-16.  Frequency'  impendence  of  the  Secondary  Parame- 
|  ter.3  for  a  2. 6/9, 4  Coaxial  Cable,  A)  Neper/km;  B).-0hmsj 
[  C)  Rad/km  j  D)  Km/sec  j  E)  Mo.  .  ; 


|  As  the  diameters  d  and  D  of -the  conductors  increases, 

j  their  resistance  decreases?  the  inner  conductor  has  the  I 

! 

I  greatest  resistance  R, 

For  the  dimensional  relationships  (D/d  **  3,6), 

i 

|  used  in  existing  cables,  R^/Rq  «=•  3.6,  i.e>,  the  inner  j 
I  conductor  has  about  80 %  of  the  resistance,  and  the  outer  i 


conductor  only  about  2.0$ 
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TABLE  5-5 


(£> 

leg) 

<£> 

W 

\<® 

1 (£> 

|®1 

(if)  , 

m 

W 

1  '  <M 

<£) 

|i#  : 

j  3 

j 

[Ci  ® 

* 

.  .* 

<x  3 

*t 

«! 

n 

44 

>  $ 

!  J 

i  52  <r 
;  J*  * 

#£  s 

■je 

V 
49  | 

*S 

at 

rt  'S5 
M  at 

O' 

*1 

©*5 

a 

^  § 

ssr 

*  03 
* 

»,  KMjre<i 

*»  &M 

8*10* 

1 

jM 

. 

2,79 

111.  19(o.266!o,Q22  0,288 

i 

48 

i  1 

0,8l| 

| 

I  72 

1,39 

j  1 

i  2,7*  10s 

1 

77,5 

105 

\9,m 

[  2,81 

112,45 

’0,266.0,017 

0,283 

48 

1 ,52 

Si 

2,32 

:■  2.71*105 

1  76,8 

103 

39,5 

8.9 

139,4 

0,2660,007 

0,273 

!  48 

15,2; 

260 

90  7 

iwj*  ?  # 

1  2.77-105 

75,3 

r-MQi 

152,8 

!&*4 

58,2 

0.266  0,004 

0,270j 

!  48 

45,6: 

457 

I  68 

2JS-103 

:  75,0 

7  *  1  0® 

[80,4  j 

:22,6 

i  103 

0,266 

9,002 

0.268! 

i  48 

106, 

m 

157 

2,78*  10s 

74,5 

1C7 

(98,4 

J 

28,1 

.1 

i  124,5 

! ' 

0,266,0,0020,268 
!  1  1 

1  48 

i 

!  1 

152 

i 

840 

1  225 

2,78*105. 

I 

74,5 

I  Electrical  Parameters  of  Trunk  Coaxial  Cable 

|  .  . 

|  (2, 6/9. 4)  having  Polyethylene  'Insulation.  A)  frequency, 

|  cpnj  B)  R^,  ohms/ltm;  C)  R^,  ohms/km;  D)  R,  ohms/km ;  E) 

|  L_,  3  mh/km;  P)  L. ,  ash/kmj-  G)  L,  jnh/kmj  H)  C,  .  n $%£/k.m; 

I)  Cr  .,jL£roho/km|  J)  j3 }  m  neper/km;  K)  &  ,  rad. /km;  I.)  V., 

I-  km/sec  j.  K)  Z,  ohm,. 


2.  The  circuit  inductance  is  composed  of  the  in¬ 


ternal  inductance  of  the  conductors 

X 

inter— conductor  inductance  L,  _ : 


sx  and  the 


LiA-LA-LD~(2\n-i  +  JJiie-.\l0-4  1 

,c  ‘  d~  D  y  n  d  ’  Kd  ’  KD  J  .  _  j 

£H®^ryr/K/h]j  j 

(5-iQ)  | 
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,rr;il  ^ ••;*«***  ".wwwii  ***■ '--. 

where  1)  and  d  are  givsn  ir  inn,  [ 

K=*r/i* h/?F>c f‘._  _  | 

•  . „  v  i 

Formula  (5-10)  is  considerably  slir.pl tfied  for  cable  sj 
with  copper  conductors  I 


g  ["0  i  i5  i  13*3,3  (  1  j  .1  \  j  a«*4  r* i  /  *i 

/.=-j^ln7-<-  yy^7  +  7>j-10  bW/K»3  n 

It  follows  from.:  forn&la  (5-10)  and  Table  5-5  that  the 

ip 

Internal  Inductance  of  the  conductors  drops  sharply  as 
the  frequency  increases Thus,  at  a  frequency  of  6*10^ 
cps,  L.?  constitutes  7-8$  of  the  overall  Inductance*  while 
in  the  higher,  frequency  region  its  relative  value  is  still \ 
less  and  does  not  exceed  0.8$. 

In  view  of  this  fact,  the  inductance  of  a  coaxial 
circuit  may  be  computed  with  a  fair  degree  of. accuracy 

i  ... 

I  from  the  formula 

j  - 

j  L  ~LM~- 2  in f- to*4  [H«Hiy>/K/'0  , 

i  (5-12)  j 

! 

|  The  inductance  of  existing  types  of  trunk  cables  | 

j  is  0.26-0,27  inb/icm,  I 

I 

4 

3*  The  capacitance  of  a  coaxial  cable  is  determined 


from  the  formula  for  a  cylindrical  capacitor: 


...f  f-.wsicv&c  fjaaprawiae-  -  v^/:JS!t^:;i*!»^ii^s.  ^■josrr.-l^i^y.^.:^ 

i 


40M!,.  ^Bis^uanwww-  -JBfS«W^'?WOcSa^S#s*i«-‘-^^  v-.TfiSis-i.- .  J; 


c 


Ik 


D 


E  J*$  Ikx  1, 


(5-13) 


from  which  It  follows  that  the  capacitance  depends  upon  . 
the  relationship  of  the  dimensions  of  the  cable  conductor* 


and  the  equivalent  dielectric  constant  fc  .  As 


in¬ 


creases;  the  capacitance  decreases,  a  fact  which  is  widely  l 

\ 

used  in  the  design  of  low  capacitance  coaxial  cables,,  1 

S' 

Cue  of  the  most  efficient  ways  to  decrease  the  canal 
citance  of. the  cable  is  to  decrease  the  parameter  £  » 

It  should  be  noted.,  that  for  the  same  relationships  | 

•  •  ••■  ! 

of  the  diameter  of  the  conductors,  the  capacitance  of  a  f 
cable  having  a  solid  uniform  dielectric  (  £  *  2*3)  is  j 
100  ^yaf/kra,  while  If  combined  air-bead  Insulation  (f  »  J 

.  i 

1*1)  is  used,  it  drops  to  48-50  .  ? 

4*  The  conductance  of  the  insulation  increases  in  .  | 
direct  proportion  to  the  frequency  of  the  current  and  is  \ 

j-'i ur  '! 

basically  determined  by  the  dielectric  lose  factor  tan©  .  J 


G  r=r  t»C  +M  8  \fAh&  j  KM  ] . 


When  poor  dielectrics  lead  to  a 


(5-14) 


large  .  tan 


s. 


i  the  value  of  0  Is  Impermissibly  large,,  In  a  cable  having 

I  f 

1  polyethylene -Insulation,  the  shunt  conductance  at  7*10° 


_ 
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yr  ■  tr ■■'-»  0iS^~  *•  ^SSf"  ^ JV'  .'  **  *’>.•«'< 


j  cps  is  106  j 

I? 

5.  Since  in  practice  coaxial  cable?  are  used  at  ■ 

|  60, 000  cps  and  above,  where  R  3.  a  much  lest,  than  aJ L  and  0 

I  i 

|  Is  much  less  than  &»0,  their  secondary  parameters  may  be  j 

1  computed  from  the  following  formulas* :  The  atconua-cior.  con4 


i  stant  Is  -  ■ 


u  R  a  /  C  I  O  v  /"  /  j  ,,  ’1  , 

?  ~f  I  T  ' t"  r  jr*  HJepsrty  jrmj 


the  phase  constant  :ie  «  *  w/Iit  ^“ac' j  k^t. 


i.  •) 

!  3 


the  wave  Imps dance  is 


1 


f.  rr  /-■: 

y  c 


See  Chapter  J.I  of  this  book , 

It  is  desirable,  however,  to  express  the  secondary 
parameters  of  coaxial  cables  directly  in  terms  of  the 
dimensional  relationships  within  the  coaxial  cable .  > 

j 

a.  Wave  Impedance ,  Using  formulas  (5-12)  and  (5-13  )| 


we  obtain  an  expression  for  ube  wave  impedance 


r  I 


1/  . 
V  c 


\ 


r.  In  ~ 


(5-15) 

It  follows  from  Table  5-5  that  the  wave  impedance 


'/GWXM*' 
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z  clMhgeB  very  zittle*  and  it  way  be  considered  to  be  con-  f 


stant.  J 

i 

,  ®*®  dependence  of  z  an  £  ,  given  in  P.lg,  5~17, 

|  f 

|  shows  that  in  a  cabl6  with  a  3^0 lid  dielectric  (  *2*3),  [ 

j  z  50  ohna*  while  in  cables  with  combination  insulation  \ 
j  (€  *»  1*1)  the  value  of  the  wave  impedance  ranges  from  I 
!  70-75  Ohms.  .  .,.  .;  I 

i  ■■•■'■  t- 

i  1 


i  ■  •  5 

|  the  Pernsitivity  of  the  Insulation  where  D/d  a  3,6,  A)  Ohms] 

|  s 

|  An  increase  in  D/d  leads  to  a  logarithmic  rise  in  j 

|  the  wave  impedance,  ‘  ..  f 


Phase  Constant , Rate  of  Propagation,  With  the  aid 
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of  the.&a/ne  fornmlas  ('5-12}  and  (5-13}*  the  phase  constant  { 
>.-•  1 

f 
I 


of  a  coaxial  cable  may  ha  determined  : 

a  =  o|/ZC  - 


w  Ke  w  V*t  r  . 

300  000"  =  M  /^i* 


(5-16)  j 

where  c  *  3  GO, 000  km/aec  ?.s  the  velocity  of  propagation  ; 
of  energy  in  the  air.  -  \ 

it 

In  turn,  the  velocity  of  propagation  of  electro-  | 

i 

magnetic  energy  along  coaxial  cables  may  be  computed  from  j 

jj 

the  formula:  ..  I 


V  ~ 


uj 


300000 
•  1vr- 


t 

VT’ 


(5-17)  I 


As  the  frequency  rises,  the  phase  constant  Increase p 

.  '  I 

linearly  *  This  is  due  to  the  fact  that  the  rate  at.  which  j 

,  I 

■energy  is  transmitted  along  a  coaxial  cable  is  almost  com-! 
pie tel y  constant  over  the  entire  frequency  band  under  con-} 
oldaration.  The  velocity  increases  as  the  dielectric  con¬ 
stant  becomes  larger.  Thus,  in  a  cable  with  a  solid  di- 
electric  ( $  ~  2.3),  v  s  200,000  km/sec,  while  in  a  j 

cable  with  combination  Insulation  (C  «  1,1),  v  -  280, OOo| 

ec,  I 

? 

1 

Energy  is  transmitted  at  a  higher  rate  over  coax¬ 
ial  cables  than  over  other  types  of  cables,  and  the  propa¬ 
gations.!  velocity  approaches  the  velocity  of  the  electro- 
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{magnetic  waves  in  air,  i.e«,  c  .*»  300,000  lem/sec. 
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Fig.  -5-18.,  -  The  Attenuation  of  Various  Types  of  Cables 
as  a  Function  of  Freauenoy.  A ) .  Neper  s/km 
B)  Me* 

Tree  of  Cable  Z,  ohms  C, 

'1.63/6*7  '75  ■  47 

2 *6/9. 4  •  74  48 

5/18  -  70  50 


c.  Wave  Length  Decrease  Factor.  In  high-frequency 


communications  work,  the • electro-magnetic  wave  length 
decrease  factor  §..  is  widely  used  to  evaluate  .propagation. 


2.3V 


J  -■•l.sw  n**rt  ■  -*.|>V  T^K*1''  .-.'K!*W  ^wf  .‘‘AmlW  «!**»-•  <S-W»>  “,'>w*f' '  '  *,<1‘  •'"*'• 

I  This  factor  characterizes  the  degree  fcc  which  the  propaga- 


|  tion  velocity  of  electro-magnetic  energy  is  decreased  in 
|  the  cable  in  comparison  to  its  velocity  in  sir 


300  000 f'£ 
"300  000 


V*. 


(5-16) 


It  follows  from  formula  (5-13)  that  as  the  dielec¬ 
tric  constant  of  the  cable  increases,  the  coefficient; 
also  increases. 

In  a  cable  having  solid  polyethylene  insulation 
(C  35  2,3),  ty  as  1.52,  and  consequently  the  velocity  of 
propagation  of  energy  along  such  a  line  is  1,52  times 
less  than  in  air. 

d.  Gable  attenuation,  it  follows  from  Table  5-5 
and  Pig.  5-16  that  as  the  frequency  increases,  the  cable 
attenuation  p  rises;  in  modern  cables  having  a  high- 
quality  dielectric,  the  attenuation  Increases  with  the 

At 


Pig,  5 -IS  gives  the  frequency  dependence  of  atten-  ( 

I  uation  for  cables  of  the  most  common  types  (5/l8;  2.6/9. 4, 1 

{  ! 

V  .  t 

f  and  1,83/6.7);  it  follows  from  the  figure  that  the  atten-  [ 

|  1 

I  uation  is  inversely  proportional  to  the  dimensions  of  the  ; 


Oc 


ble 


j  Thus,  the  attenuation  of  a  2, 6/9, 4  cable  is  greater! 

I 
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)  than  the  attenuation,  of  a  5/18  cable  by  18/9.4  **  1.9  times 

5 

I  .  Below  we  consider  B  as  a  function  of  the  ratio  D/d, 

I  - 

I  Tables  5-6  and  5-7  give  the  electrical  character- 

j 

|  istics  of  large  (5/1.8)  and  small  (1.83/6,7)  trunk  coaxial 

f  •  .  .. 

|  cables.  '  . 

I 

r 


( 

] 


! 

i 

<; 

I 

I 

I 


0  /. 

&\  o^/Pis  1 

KM 

u*v 

C.  h$ it: M 

O.S© 

mkmo'km 

30 

Mnen'KM 

X  iUlh-M 
* 

Op 

zP’Sfn 

0 

if,  KjtTftK 

i 

6*I0< 

i 

H.l  | 

0,247 

48 

16 

SO, 6 

?  ,42 

_ 

'  “ 

1 

79 

2,63*105 

!0‘* 

18,5  J 

0,287 

48  ■ 

llf,  Q 

•*v ,  <5 

:  130 

2,32 

77 

*2,68*105 

I0»- 

58  ! 

0 }  268 

48 

253 

400  • 

22,2 

1  -74,2 

2.83*105 

■  a- io« 

09  | 

0,2i4 

48 

800 

704 

86 

j  74 

2,85*10® 

.  7-108. 

153.  | 

0,263 

48 

1865 

1  120 

153 

73,7 

2,89*105 

!  lo? 

184  ; 

0,262 

48 

2  630  . 

1  345 

217.6 

73,6 

*v 

2, 9*10® 

|  TABLE  5-6  ♦  Electrical  Characteristics  of  a  Small  Coaxial  j 
l  I 

I  Cable  (1.83/6.7)*  A)  f>  eps;  E)  R,  ohms  Am  j  C)  L>  mh/km;  | 

s  ? 


D)  c,  fnfif/kmi  E)  G,  /< mho/hnj  P)  ?  m  neper/fcmj 
G)  Cfc  j  rad/cm  j  H)  2,  ohm;  I)  v.,  kra/sec. 


|  TABLE  5~7v  -Electrical  Characteristics  of  a  Large*  Coaxial 
Cable  (5/18).  A)  f,  cpsj  B)  R,  obms/kmj  C)  L,  mh/ian; 

I>)  c..  'jfyif/kfflj  E)  0/  ^tnho/kmj  P)  jS  ,  m  neper/kr.j  * 
«)<*  ,  rad/bm;  H)  s,  obmj  I)  y,  km/see. 


5-6*  Calculating  the  Beai&tance  of  an  Outer  Conductor  j 

f  of  Complex  Do  sign,  ! 

■  -  ! 

It  was  shown  above  that  bn  order  to  achieve  the  f 

f 

required  flexibility  in  a  coaxial  cable,  and  also  on  the  j 

i  ! 

basis  of  production  considerations  the  outer  conductor  is  1 

•  \ 

rmde  not  as  a.  continuous  tube,  but  rather  as  a  fairly  com-? 

;pi ax  structure,  i 

|  The  'structural  form  of  the  conductor  has  a  consid-  I 

| enable-  effect  upon -its  resistance,  and  consequently,  on  J 
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wr'aawe'afi^tsttasb-  -• 


|  the  coaxial  cable  attenuation. 

I  .  "  ■ 

\  We  will  consider  the  design  of  a  coaxial  cable 

|  having  an  outer  conductor  formed  of  spirally  wound  strips, 

t  ,  • 

j and  of  tubes  with  stamped  couplings. 


SPIRAL  OUTER  CONDUCTOR 


|  .  In  this  type  of  a  structure  (Fig.  5-19)  the  curren- 

\  ,  _  ■ 

{  in  the  outer  conductor  does  not  flow  along  the  axis  of 

j"  '  . 

I  the  cable,  but  rather  follows  a  line  of  a  screw-thread?- 
|  whose  angle  of  advance  corresponds  to  the  angle  of  ad- 
I  vance  of  the  axis  of  the  tape. 


5  ? 

j  '  ■  | 

|  .  i 

I  Pig.  5-19.  Computing  the  Resistance  of  a  Spiral  Outer  Con- \ 

I  -  ? 

due tor.  \ 

j  As  may  be  seen  from  the  figure,  the  current  in  the  \ 


***'«»  .iXnn»^^.m.^r^i3Uesi»^yAu rm^rnK^mum w- 


I  015 te?  conductor  raay  bo  commTerad  to  have  two  components, 

| 

|  ID — the  current  along  the  axis  of  .the  cable; 

P  «-  •■*  *  ***>  *+  *r  * 

?  !,,-•- the  current  in  the  lateral  direction.  * 

|  £i 


. 


The  current  1„  causes  a  magnetic  field  H,,  having:  *  I 

*U  4*  '  \ 

j!  .  ( 

i  an  axial  (longitudinal)  direction.  The  field  induces  eddy  j 


currents  along  the  outer  conductor  and  other  shells  of  the  ! 


cable,  causing  additional  losses,  and  leading,  to  an  in- 
|  crease  In  the  resistance  of  the  outer  conductor  of  the  co* 

I  :  *  •  '  .  | 

|  axial  cable  by  a  magnitude  n  «  The  formula  for  computing  \ 

4U* 


|  Kg,  which  has  been  verified,  both  theoretically  and  expert- j 


mentally,  takes  the  following  forms 


R 


j//j7  71a'B‘ cct  2  3  fa*/**]. 


(*5-39) 


When'  copper  tape  is  utilized  ( JLi  sis  l'i  the  formula  is  sim¬ 
plified?  •  •• 


Rg  ~~  0,0835 f  jy  not*1  a  [.sm/iof  j, 


(3-20) 


where  I>  Is  the  inside-  diameter  of  the  outer  conductor,  mm. 

Comparing  formulas  (5-9  jT  and  .(5-20),  we  notice  that 
ftp  and  B,s  differ  only  in  the  coefficient  cot2  ©£  ,  which 

} 

|  takes  into  account  the  effect  of  the  spiral  structure  of 

I 

I  the  outer  conductor 


1 


RgZ~  R^  C  Ol?  3 


(5-21)' 


\  The  additional  resistance  introduced  into  the  cable  \ 

i  '  :. 

■  _  p  ? 

|  b3.rcuit  is  determined  by  the  law  of  variation  of  cot  <K  ,  :j 

£;  .  '  .  ■* 
i-  i 

i  arid  depends  on  the  angle  of  advance  of  the  spiral  *  * 

£  *" 

(  The  larger  this  angle,  the  less  the  additional  * 

|  •  '  .  I 

1  longitudinal  magnetic  field  H_,  and  the  lower*  the  trans-  r 

i  a  i 

-I  •  •! 

|  mission  losses..  In  the  limiting  case  '  Oi.  ~  90° ,  the  spiral  ] 

i  ’  '.  •  i 

{  is  equivalent  to  a  longitudinal  strip  and  the  additional  i 

!  resistance  is  R„  *  0.  I 

|  z;  | 

I  At  <x  ~  45°,  the  resistances  and  are  equal,  ! 

|  since  in  this  case  the  current  is  distributed  equally  I 

|  .  ’  { 
|  between  the  longitudinal  and  lateral  directions  (ln  as  I 


f  A*  ,,i  /  * 

i  ^ 


The  total  resistance  of  a  cable  having  a  spiral 


f  type  outer  conductor  is  expressed  by  the  equation t 


Rd  -f-  RD  4"  R,  =  0,0833^/(4*  4“ 


?  \ 
i  4  «<•**.*  „  * 


\d  1  D  i -D 


rr  co1;?  a  '  loimh{Ai} 


(5-22.) 


3-20  gives  you  the  calculated  values  of  the 


resistance  R„,  at  f  as  ICr  cps  for  a  type  5/13  cable  having 


spiral  outer  conductor,  for  different  angles  <% 


■ . . .  *'**"*'-;  .y  yy.  -j.fr  s^r  ?4c-:  1-’  nu*'nr*-0t*t.*rv  m  ■r’-n'  .**-V  «*••'*■  ;<  •  " 

•;  Fox-  the  sake  of  compandor,  the  values  of  R.  etna  r.  are 
l  "  a  j 

|  alec  given. 

V 

» 

j  Table  5-8  illustrates  the  frequency  dependence  of 

f 

( 

••  tno  cable  i*^&3  stance  fur  a  spiral -ijro#  out^r*  conductor* 

[  If  bhers  is  any  sort  of  metallic  shell  above  a 

i 

j  spiral ~typ«  outer  conductor*  owing  to  the  longitudinal 

•  ^  - 

•f 

j  magnetic  field  eddy  currents  will  be  introduced  <r,to  the 
(  . 

\  shell  as  well  j  this  causes  additional  losses?  in  t-.his 
s 

ftase  'fche  resistance  is  computed  according  to  the  formula: 


i  < 

3 

i 


7?  -™-/  ft  |  /  --7  ,  i: — ert*  %  (oha*/^**] 

>  \  u  1/  v  1/  (An  1  I  '  f* 


v  §/  i  non, 


(5-25) 


I  where  Rp  cot^oc  allows  for  the  losses  in  the  spiral -type 
!  outer  conductor,  and  the  second  term  cakes  car.?  of  tne 
losses  in  the  surrounding  metallic  shell. 


The  Dependence  of  the  Resistance  of  a  Spinal 
Outer  Conductor,  R„  ,  on  the  Angle  of  Advance 

'Zt 

of  the  Spiral,  &■  .  A )  Ohm/k 
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Rd 

5,28 

16,8 

~ 

32,8 

‘  “j 

168,0  | 
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Rd 

!  ,4/ 

4,65 

?4  ? 
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21,45 
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68 
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680 

R=f?„  +A>  HA 

13,55 

42,95 

135.5 

423,5  j 
j 

)  353 
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14 
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R 
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H7 

R 
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I 

822 

*, 

0,5 

1,56 

5 

15,6  j 

50 

R 

7,25 

23,61 

72,5 

230, i  | 

72,5 

■  R* 

0,046 

0,145 

0,46 
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6,8 
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The  Frequency  Dependence  of  the  Resistance  of 

a  Type  ^/l8  Cable  having  a  Spiral -Type  Outer  Conductor,  [ 

f 

A)  Outer  Conductor  of  the  Cable  ;•  B)  -Parameter;  C)  Frequency!* 
ops;  D)  Ideal  Structure;  E)  Spiral  Tape,  a  **  25°;  F)  Spi-  j 
ral  Tape,  <*•  -  30°;  C-)  Spiral  Tape,  «£  *  4p°j  H)  Spiral 
Tape,  «£  »  60°;  X)  Spiral  tape,  <&  *  80° • 


■'^WkMS^JvxaJtwvWL-j*] 


2^3 


■  ■■  .immih-m—i  mill*1  ■ 

'  f 

■  The  values  of  ft  and  J  correspond  to  the  material  of  | 

t} 

the  surrounding  shell t  Lead,  etc .  '  •  f 


It  should  be  kept  in  mind,  that  owing  to  the  add! 


tional  losses  introduced  by  the  spiral  nature  of  the  outoij 
conductor,  the  optimum  relationship  of  the  diameters'  of  ; 
the  inner  and  *  outer ' conductors • which . was  given  above  (3*6)1 


will  change  some what* 
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Fig*  5~S1*  Optimum  Values  of  D/d  for  Various  Angles  of 

Advance  'of  a  Spiral.  A)  Degree  of  cable  attenuation; 


H — — r~r 
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«  Fig.  5-21  gives  the  optimum  values  for  the  diameters! 

|  } 

! of  the  outer,  D,  and  inner,  d,  copper  conductors,  for  va-  { 

!  ’  '  '  ; 

\  rious  angles  of  advance  of  the  tape,  oc  ,  and  a  surrounding  i, 

!  ! 

{lead  sheath.  It  is  clear  from  the  figure,  that  as  the  j 

■;  -  s 

!  amount  of  spiral  in  the  conductor-  decreases  from  $0°  to  1 


!  k5° t  the  ratio  D/d  rises  from  3.6  ( o' 


,o 


90  and  there 


j is  no  longitudinal  magnetic  field )  to  ?. 

.5 

t 

j  If,  in  a  cable  with  copper  conductors,  where  D/d 

|  3.6,  the  cylindrical  (ideal)  outer  conductor  is  replaced 

if 

| with  a  spiral -type  conductor,  the  increase  in  attenuation 

j 

|  may  bo  expressed,  using  the  spiral  angle,  by  the  follow- 

i; 

ig  simple  formula:' 


P  =  f 


2,5V  A  •lO-'f  1 


3 1  s* 


"jf—  •  7^7  I  nepers  Am)  (5-24 ) 


I  vr  he  re  is  the  optimum  attenuation  of  the  cable  with  an 

i 

!  ideal  outer  conductor  •  [Bee  formula,  (5-34)],, 

1  "  ! 
f  It  follows  from  expression  (5-2^ )  that  the  addi-  j 

|  i 

|  tlonal  attenuation  introduced  by  the  spiral  fellows  a  '  jj 

jo  * 

}  l/sin4"#  law,  \ 

I  | 

I  For  large  values  of  oi  (the  angle  is  measured  from  '  j' 

I  .  t 

a  line  perpendicular  to  the  axis  of  the  cable;,  the  losses  1 

i  I 

lowing  to  the  spiral  are  comparatively  small,  while  as  cl  I 

I  .  I 

{decreases,  the  losses  rise  sharply.  [ 

I  J 


f  ^ |tfv  #V1'  v'  rt* v*r,<®pt  tmmwt*w»^’Mv~  #jpftw^  >-^v^;sp^iv«r^  u*  -l  i  A 

j  *  f 

I  Thun,  at  CL  «  70  ,  the  attenuation  Is  Increased  } 

|by.l3SSj  at  OC  *  60°  by  34$;  while  at  angles  of  less  than  f 

(i  i. 

|  <X  s?  45° ,  the  attenuation  is  doubled  (in  comparison  with  - 

j  1  j 

i  the  attenuation  of  an  Ideal  conductor).  Thus*  ir.  design-  { 

1  '  f  ■ 

|  Ing  a  cable  with  a  spiral -type  outer  conductor,  it  is  I 

i  ; 

|  necessary  tc  make  the  spiral  as  long  as  possible.  * 

(  The  pitch  of  the  spiral,  however,  is  also  affected  j 

f  * 

!  by  considerations  of  mechanical  strength,  cable  flexibility^ 

{  ■  ■ 

|  manufacturing  considerations,  and  the  final  choice  will  \ 

f  ■  k 

|  represent  a  compromise  among  all  of  these  requirements.  j 


I.  OUTER  CONDUCTOR  FORMED  W  STAMPED 
HALF-TUBES  WITH  GROOVES 


I  Just  as  in  the  previous  -case,  this  design  (Fig,  1 

£-22)  violates  the  basic  principle  of  an  ideal  outer 

*  .... 

{  sheath — the'  absence  of  an  external  magnetic  field. 

{  | 

*  The  lateral  grooves  distort  the  magnetic  field,  j 

|  and  a  longitudinal  component  appears  to  increase-  the  j 

j  energy  losses*  this  is  observed  as  an  additional  re sis-  j 


{  tance  R  .  j 

|  The  value  of  R  is  computed  with  the  aid  of  the  I 

|  empirical  formula  given  below*  it  is  in  complete  agree-  f 

I 

went  with  the  results  of  measurements  of  similar  types  f 
of  cables:  1 


mrw'VKS'WT' mprrMMirmv «*«>'*  wmv 


/>  =  ■*  /  *LJL 

■'  v 


1  £""r^  [ahm/tf.w] 


(5-25) 


!  where  a  is  the  width  of  a  channel  j 

j 

j  b  1.3  the  -depth  of  a  channel  ; 

r  1  is  the  distance  between  channel &j 

j  Dr  a  D~i?b  (all  dimensions  in  ra), 

Or,  if  the  cuter*  conductor  is  made  of  copper, 

R,  —  0,0835  yj -Ltp’l^iKAi} .  (5-s6) 

It  is  clear  from  the  formula  that  the  additional 
resistance  increase s  with  the  width  of  the  channel .  The 

y 

resistance  decreases  where  the  channels  arc  located  in¬ 
frequently  along  the  cable.  In  order  to  provide  the  re¬ 
quired  cable  flexibility,  channel s  must  be  located  every 

f>°-30  "•  •  «*.  5-28 


Calculating  the  Resistance  of  an  Outer  Conduc 
tor  Made  of  Stamped  Half-Tubes  with  Grooves. 


2^7 


The  complete  formula  for  calculating;  a  coaxial  j 

cable. 'Shaving  an  outer  conductor  of  copper  half -tubes  with 


.grooves  -  takes  -  the  following  form 

R  ==  Rd  -f  R  -|~  R  =  0,0835  [~  ~j 


/■t  I 


>  a  1  d.  *  D' *  / 


?  j 

(5 . 17;  1 


It  may  also  be  'used  to  calculate  the  resistance  of  s 

^  a  tubular  outer  conductors  | 

|  Table  5-9  gives  the  results  of  calculating  the 

|  i  resistance  of  type  5/X.B  cable  with  an  outer  conductor  Qi 

|  : stamped  copner  half -tubes  with  grooves. 

! 

i  i 

f 

!  ■  '  ■  . 

|  •  TAM  5-9.. 

|  • 

|  Resistance  of  5/^1 8 -Cable  with  an  Outer  Conduc- 

I  tor  of  Stausroed  Copper  Half -lubes  with  Grooves  (in  opm/km) . 
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I*  .  j 
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1  . . . 

3-'0» 

! 

.2 

j 

j  220 

!•  693 

1210 

11,45 

1  67*5 

i  214,5 
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i  822 

1428 

t 

$  1 
|  a)  Type  of  outer  'conductor;  B)  f,  cps;  C)  Half -tubes  with .. 

i  O  ^ 

grooves;  B)  Ideal  design;  tt)  Spiral  tape  ( «•  *  45  ). 


the  calculation,  it  is  assumed,  that  8  s  rm, 


I  b®  1,5  ran,  1  ®*  28  ran, 

|  For  the  sake  of  comparison  the  values'  of  H  are 

j  also  given  for  cables  with  spiral -tape  type  outer  conduc¬ 
tors  ( CX  ss  45c  )  and  the  ideal  design. 

It  follows  from  Table  5-9  that  the  resistance  of 
i  an  outer  conductor  of  stamped  half -tubes  with  grooves  is 
very*  little  (up  to  3(p)  above  the  resistance  of  a  cable  con 
ductor  of  ideal  design.  When  a  spiral -type  outer  conduc¬ 
tor  is  used,  the  resistance  increases  by  21%, 
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I  ‘  5-7 f  The  Minimum  Attenuation  of  a  Coaxial 

I  Cable  and  the  Communication  Span- 

|  Since  it  is  desirable  that'  the  relationship 

I 

i  -  v  “  m  */  ' 

I  (  \  .is  the  wave  length)  hold  for  coaxial  cables  used  in 
the  high-frequency  band*  the  expression' for  the  atterma 
tion  reduces  to  the  following  form* 


*  V  4-  2  i/I  =  JL  f  {L4-  i£ 

.  2  r  1  2  r  c  %\f\L  ‘  c  i 


L.  G 


(R  ,  0 


i  „./*  * 


(5-P8)  I 


Here  the  quantities  R/r*>L  *  tan  B  and  O/fef  Cat'll  are  the 
metal  and  dielectric  loss  factors ,  They  are  determined  by 
measurements  of  short  sections  of  cable  which  are  short- 
circuited  or  insulated  at  the  end. 

Thus*  the  attenuation  'may  bo  represented  as  the 
sum  of  the  attenuations  owing  to  losses  in  metal  and  in 
the  dielectric* 


P  —  P  R + PG  & » 

’•  ■  (5-89) 

whore  the  ratio  of  jS^  to  as  tan  $  :  tan  €  . 

In  trunk  coaxial  cables  with  high-frequency  insu¬ 
lation*  the  losses  in  the  dielectric  are  considerably  . 


,  -v  . :•  -  *w*.; s ^r-srvc/u  **«-*•  ’■ 

t  . 

i  Isas  than  the  losses  in  the  metal „  In 


t 

|  modern  cables  tan  £  is  roughly  10' 


partleut ar,  in 
while  tan  S  Is 


only 


I  _h 
J  10  According 


the  attenuation  owing  to  losses  in  the 

J 

5  dielectric; do  not  exceed  several  per  cent  of  the  total 

I 

>  cable  attenuation, 

i  - 

i 

j:  In  order  to  find  the  nature  of  the  variation  in 

I  the  attenuation  of  &  coaxial  cable  as  a  function  of  its 

|. 

\  dimensional  relationships  (d  arid  D)  and  the  quality  of 

€** 

f  the  basic  materials  (tan  O  and  €>  ),  we  substitute  the 
f 

|  value  of  the  primary  parameters  into  the  expression  for 
f  the  attenuation.  After  some  manipulations  v;a  obtain? 

\ 


u 

if 


R 


c  1 

4 tb<*v».r  ^.4  — 

L  1 

a  i/ 

2  V  C 

*  10. 

—  //) 

WVMKaJcl)'U 


1 2D  in 


D 


t*  q  tanS*  10“®  . 


+ 


(5-30)  ! 


I  It  has  been  shown  before  that  in  modern  coaxial 

|  cables  the  losses  in  the  dielectric  are  negligible,  and 

i 

j  thus  it  is  possible  to  assume  that  the  attenuation  of  a 
|  cable  may  be  determined  accurately  enough’  by  means  cf  the 
losses  in  the  metal: 


P  =  P 


ft 


V- 


8,35 


D 

J 


+  1-10-3 


120  In 


(5-31) 
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TABLE 


f  ^ 

j;  Copper 

Aluminum 

Iron 

■ 

Lead 

t 

Zinc:',| 

D 


3,6 


3,9 


4,2 


5.2 


4,3  i 


From  the  graph  of  Pig,  5-23 s  ft  as  a  function  of 


!  D/d  for  various  types  of  cable.  It  is  clear  that  If  the-  I 

(  * 

(  optimum  relationship  is  disturbed  (especially  if  the  ratio i 

j  ■  •  .  .  1 

|  is  too  low)  there  will  be  a  rather  sharp  increase  in  the  I 

!  ■  '  .  j 

|  attenuation,  I 

|  ‘  I 

j  Keeping  in  mind  the  necessity  of  adhering  to  the*  j 

j  '  '  •  I 

I  most  favorable  dimensional  relationship,  we  substitute  I 

f  _  _  >.  '■  ( 

|  these  dimensions  into  formula  (5-31),  and  obtain ’the  for-  j 

1  raula  for  the  attenuation  of  a  coaxial  cable  having  copper  1 

|  '  ;  'I 

*  conductors :  I 

■  I 


?  =  P 


R 


2s5/>.10-«  t  • 

— - |  neper, 


(5-34 J I 


j  from  which  it  follows  that  the  attenuation  Increases  as 
j  f  and  $  rise  and  drops  sharply  as  the  diameter  of  the 
|  cable  goes  up. 
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Fig,  5-23*  Curve  of  the  Attenuation  of  Cables  of  Different 
Metal 3  As  a  Function  of  the  Variation  in  the 
Ratio  I)/( d.  A)  Lead j  B)  Aluminum j  C)  Copper. 
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[  Pig,.  5-24.  Variation  in  Cable  Attenuation  and  Comaunlca 

r 

j  tion  Span  with  Increasing  Outside  Diameter  of  the  Cable 

\  C  ' 

i  (f  ss  10°  cps3  b  *  6  nepers).  A)  kmj.  B)  neper s/km j 

! 

f  C )  cable „ 
i 

5  . 

I  Figure  5 ~ 24  shows  the  attenuation  of  the  most 

4 

|  common  types  of  trunk  cables  and  the  general  nature  of 
|  their  variation  with  increasing- D*  The  calculation  was 

j  6 

|  carried  out  at  f  ss  10"  cps.  . 
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The  wave  Impedance  Tor  a  cable  with  the  optimum 
ratio  of  diameters  (D  /fis  3.6)  in  expressed  by  the  fol¬ 
lowing  formula : 


2  =  77/K«[dbitJ. 


(3-35) 


A  tentative  choice  of  cable  for  a  trunk  link  can 
be  made  with  the  aid  of  formula  (5-3'+). 

Keeping  in  mind  that  modern  repeater  equipment  com-  j 

i 

pens a to s  for  an  attenuation  of  about  b-7  nepers,  the  cable j 
attenuation  constant  p  may  be  related  to  the  distance  j 

between  amplifier  points,  1,  by  the  following  equation*  ] 


P  = 


r 

me  pa  i* 


'*<*>*i^  f  *W*a8S i <5#9{WT\  K«tV(b-  .IWIm  • 
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thing' in  this  case)  the  cable  attenuation.,  equal  to  6-7  | 

■  i 

nepers,  | 

I 

Consequently,  the  inside-  diameter  of -the  outer  con-  i 

| 

duotoi-  of  the  cable,  I>,  is  determined  from  the  given  coin-*  | 
implication  span  1  (the  distance  between  repeater  points),  j 

i 

and  the  frequency  range,  and”  from  the  value  of  t,  the  op-  ; 

j 

timum  value  of  the  inner  diameter-  of  the  cable  is  computed  I 

I 

using  the  relationship  d  »  p/3,6,  ! 

•  r  v 

,! 

The  calculation  is  carried  out  using  the  upper  jj 

f- 

limit  of  the  transmitted  frequency  band .  I 

■  •  '  •  i 

■  In  this  manner  the  geometric  dimensions  and  type  \ 

\ 

of  cable  are  determined  which  will  guarantee  the  passage  \ 

\  /j 

of  the  required  frequency  band  for  the  required  distance,  j 
PiS»  5-2-4  shows  the  dimensions  cf  a  coaxial  cable  * 

.  *  B 

*  i 

\  required  to  cover- the  corresponding  distance  between  am- 

f  pllfier  point 3, 

S1 

f  In  turn,  the  most  favorable  repeater-point  separa¬ 


tion,  1,  is  chosen  on  the  basis  of  technical  and  economic  | 

i 

analyses  of  the  costs  cf  equipment  and  cable.  I 

Pig,  5-25  gives  the  generalized  dependences  of  the 
cost  of  equipment  and  cable  for  various  repeater-point  | 
separations;  it  follows  from  the  figure  that  as  1  increases, 
the  expenditure  on  equipment  will  decrease,  since  fewer 
repeaters  will  be  required  along  the  trunk.  The  cost  of 
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a 


the  cable  will  rise,  since  it  will  be  necessary  to  in¬ 
crease  its  dimensions  with  a  greater  direct-link  span. 

On  the  graph,  the  optimum  distance  between  repeater  points'; 

corresponds  to  the  minimum  total  expenditure  on.  the  cable  i 

! 

trunk.  ( 


5-8.  Determining  the  Equivalent  Values  of 
£  Shd  tan  S  for  a  Coaxial  Cable. 

In  designing  a  cable  it  is  necessary ' to  know  the 
resultant  so-called  equivalent  values  of  the  dielectric 
constant  B  and  the  dielectric  loss  angle  ten  CL  , 

The  determination  is  complicated  by  the  fact  that 
the  structure  of  the  insulating  layer  of  modern  coaxial 
cables  Is -fairly  complicated.  The  insulation  takes  variot 
forma  ( supporting  spirals,  caps,  etc. )  and  may  consist  of 
differing  dielectrics. 

F‘ 

For  a  cable  with  solid  insulation,  the  dielectric 
constant  and  the  dielectric  loss  angle  £  will  equal, 
respectively,  the  &  and  tan  S  of  the  materials  from  which 
the  insulation  is  made,  i.e., 

i  %  =  8  »  tauejj  =rtsnS,  • 

For  combination  insulation,  the  calculation  of 
..  1b  considerably  complicated. 

Using  the  theory  of  a  cylindrical  capacitor  with 
multilayer  insulation,  it  may  be  shown  that  the  resultant 


0{>  and  tan  S 
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values  of  the  dielectric'  constant  and  the  dielectric  loss  •; 

r 

i 

angle  for  combination  insulation  arc  dstc.rrl.naci  by  the  t 
following  expressions r 


*  —  4  l5-'? 

S'i-J-K, . 4  (5-37) 


fl  1  i.  ‘  -f  ^2  ^ 

:  - - -f. 

M  f  •[•ccV8  *“ 

(5-30 

where  the  values  with  the  ‘index  1  correspond  to  the  first 
dielectric,  and  the  values  for  the  index  2  to  the  second, 
dielectric. 


| 

Fig,  5-26,  .Calculating  €(>  end  tan  For  a  Bead.  -  In  sul  a  ted  j 

if 

0*3  "b.L  c «  ^ 

j 

Since,  structurally  speaking,  the  insulation  takes  j 
the  form  of  a  uniform  elementary  section  periodically  j 
repeated  along  the  length  of  the  cable,  it  ia  possible  1 
to  carry  out  a  calculation  of  and ,  tan  pa...  ... — J 


'  J*--  WHZ'S  - 


.«^;.4gJ|)6!!!v.‘!ai'^iK(W I-. .-MiSfc" 


a 


i  ancl  tan  j  and  dielectric  {£,  ♦  and  tan  &j  },  the  forstu 


a 

:  las  may  be  rewritten  as  follows: 

i 

i 

I 


for  a  unit  length  of  the  cable,  and.  to  substitute  the 
areas  c]  for  the  volumes  V  In  the  formulas  given  above  *  j 
Where  the  insulation  is  a  combination  of  air  (c 


q.  g 

K':h^ 


U4,„  -f  *<^4 

/ 

CL 


.  t  j  V. 

ten  l  --  ■— r-±-i- - . 

*?  £  V  4-,.  /,  J4  - 

ns.  fit  *  C 


-tan  5 


(5-39) 


(5-40) 


Using  these  formulas,  it  is  not  difficult  to  obtain  the 


I  values  of  the  resultants  and  tanJL  for  dia 
1  »£■ 


bead 


insulation  (Fig.-  5-&6) 


a 


Cl,  4  h 


( 5*41 ) 

■:  "»*'  .1 


"i~a  fii  <5 


E,o„. 


e 


(5-42) 


i  where  b  Is  the  distance  between  beads  j 

>  . 

f 

i  a  is  the  thickness  of  a  bead,, 

i 

|  Calculation  of  the  electrical  characteristics  of 

I  combination  insulation  of  continuous  type  involves  serious! 
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I  difficulties.  The  reason  for  this  is  that  it  is  necessary  j 

|  I 

|  to  determine  not  only  the  relationship  of  the  volumes  of  S 

1 1 1 

!  dielectric  and  air,  tut  also  to  evaluate  the  effect  of  : 

|  their  relative  location  or  the  resultant  properties  £ 


!  and  tan 


% 


•  As® 


Tw$a 

I 

.  * _ — ’*ey '  k 


*" * — -l1 


I  FJ-S*  5-27*  Calculating  Two-Layer-  Insulation  For  a  j 

Coaxial  Cable,  a)  Distribution  of  the  layers  in  the  radial 

direction]  b)  Distribution  of  the  1 ayorc  in  the  tangent! all 

I 

I  direction.  A}  €d  tan  S,{  ;  B)  tan  0&  c)  Sd  i  D)  ■  tan 

j  E'  %  tan  *  j 

It  is  very  desirable  that  the  method  of  calculation} 
utilize  an  arbitrary  substitution  of  an  equivalent  insu-  1 
lation  for  the  actual  insulation  of  the  cable,  so  as  to 
reduce  the  problem  to  one  of  the  two -layer  forms  of  insu-  . 
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1 at Ion,  which  have  been  analyzed  mathematically.  Here  "  f 

.  | 

we  use  the  designations  shown  in  Fig, .5-27  for _  combinations 

of  layers  in  the  radial  (r)  diree.tlon“and"!in  the  tangen- 

.  ,  ■  ,  { 
tial  (  f  )  direction.  ;f 

| 

S 

For  radially  combined  insulation,  the  equivalent  | 
values  and"  tan  will  he;  • 


/» 


<Kf 


In  ^ 

«2»n  •  j  ~j~  h!®"^ 


dy  D  • 


d-. 


r  ■ .  .  .  .  D 


&  r 


SI  *t  f&jj  ]  ft  "Tp  -i|:  ®R  Sgt  l  I  It 
d  /,  fj/ 

ttln  jH-Cjia-r 


(•5-43) 


(5-44)  , 


I  where  d  is  the  diameter  of  the  boundary  between  the  vari-i 

{  • 

|  cus  dielectric  media. 

I 

|  The  quantities  with  the  Index  1  refer  to  the  first. 

|  dielectric,  those  with  the  index  2  -•  to  the  second. 

I  .  1 

>  Combination  insulation  most  often  consists  of  air  \ 

1  -  '*  g 

I  (£a  and  tanl&)  with  a  dielectric  (B&  and  tan^).  In  this  j 

!  case,  formulas  (5-43)  and  (5-44)  take  the  form,;  I 

i 
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e  r 


*  -In 


d 


a 


/> 

V/„ 


(p~45)  i 


an  6 


/* 


.  D 

lC  >“  Tr 


— tarsi 

!j 


e  j  In  j  4*  VJn  4". 


(5-46)  > 


j  For  tuo-layer  tangential  combination  insulation 

I  of  air  and  dielectric,  the  equivalent  values  te  and  tan  5^ 
| are  determined  from,  the  following  expressions  1 

f 

f 


tetn  l 


£  +(; 
Or  *  ^ 


£  V~f 

A.-  s)*  * 


f  -fci 


(5- -47)  i 


(5-48)  | 


|  where  cp  is  an  angle  that  characterizes  the  proportion  of 


I  dielectric  in  the  total  cross  section  of  the  cable. 


I 

In  order  to  compute  the  equivalent  values  g  and  j 


|  tan  4.  from  the  formulas  given  above,  it  Is  necessary  to 


1  the  proportion  of  the  dielectric  in  the  total  cros 


| section  of  the  cable;  this  is  determined  by  means  cf  the 


parameters  d  and  f .  This  cannot  always  be  established  with! 


an  adequate  degree  of  accuracy :  the  value  P  may  be  obtai 


l 
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s,  . 

itvcm  the  results  of  measurement  of  the  cable  capacitance,  " 

s 

I  **X  j. 

| hut  the  parameter  tan  2^  Is  very,  difficult  to  measure  (ee~  j 
| 

jpecially  at  high  frequencies ),  since  Its  absolute  value  3s  • 

I  ■  • 

{exceptionally  small.  t 

i  ■  ! 

?  For  this  reason,  the  following  method  is  used  in  i 

! 

i  - 

I practice  t<5  determine  the  equivalent  values  of  the  param-  i 
i 

[eters  £  and  tan  $  ,  i 

F  0  •  0  *  ; 

\  The  parameter  <£.  Is  determined  on  the'  basis  of  the  i 

j result  of  a  measurement  of  the  cable  capacitance;  then  a  : 

I  " 

j  comparison  is  made  of  the  dielectric  constant  of  two  sped  - 

!  ; 

| mens  of  cable,  one  with  the  combination  Insulation,  and  i 

I  | 

I che  other  with  solid  Insulation:  then  r  or  <p,  and  conse-  | 

jquenfcly,  the  relation  of  the  volumes  (areas)  of  the  dielec-] 

|  •  •  | 

| trie  and  air  in  the  cable  are  found,  "  j 

|  On  the  basis  of  the  values  of  r  and <p  which  are  | 

{  found,  using  formulas  (5-46)  and  (5-48),  tan  S.  and  tan  S,  \ 

I  are  found ,  ! 

I  i 

*  \  ■ 

|  If  we  substitute  the  values  of  r  and<f ,  expressed  | 

I  _  I 

I  as  functions  of  che-  dielectric  constants,  into  formulas  f 


|  { J>-46 )  an 

d  (5-48),  we  will  obt 

aln 

l 

l 

| 

j 

:  tan  8  rz:--3- 

«r  £J' 

j 

— f’teng 

e  SS’P- 

a 

j 

(5-49)  | 

1 
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|  The  calculation  of  tan  <p  is  carried  out;  using  the  ; 

i  ’  i 

| formula  corresponding  to  the  arbitrarily  chosen  type  of  ln~i 

i 

!  .  , 

* sulatlon  (radial  or  tangential),  to  which  the  form  of  the 

! 

(actual  insulation  approximates,  \ 


£  l 

(  If  the  structure  of  the  insulation  ia  so  complicate^! 

|  > 

| that  it  is  not  possible  to  determine  the  type  of  arbitrary 

j 

I  substitution  to  be  made,  then  in  order  .to  determine  the  dip 
I  .  } 

( electric  loss  angle,  the  radial  and  tangential  magnitudes  i 

t 


I  are  averaged ; 

|  fen  &  -z.z 


tanSar-j-t&i 


<T 


(5-151) 


gives 


Formula  (5-51)  is  very  widely  used  in  practice,  ar; 

,■  « 
good  agreement  with  experimental  data. 

We  compare  the  values  of  dielectric  loss  angles 


i 

t 

i 


IC1  5 

for  radial,  tan  , and  tangential,  tar. combination-in-  ; 

> 

,  sulatlon  constructions;  for  the  tangential  dielectric j 

|  arrangement  the  losses  will  be  greater  by  tan S^/tan Sr  ~~  j 

il 

~  €j/^  times.  For  various  types  of  dielectrics,  this  ratio 
)  equal s  2-4,  \ 


This  confirms  the  fact  .that  in  order  to  calculate  j 
£  and  tan  S  for  complex  dielectrics,  it  is  necessary  to  I 


know  not  only  the  ratio  of  the  volumes  of  the  components  j 
(air-dielectric),  but  also  to  allow  for  the  disposition  off 
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jths  insulation  over  the  cross  section  of  the  cable.  In  prin| 
jclple,  this  is  associated  w*3  th  the  direction  of  the  elec-  '* 

I 

jtrieal  field  of  a  coaxial  cable,  ’  .  j 

|  Ab  is  known,  the  lines  of  force  of  the  electrical  | 

(field  of  a  coaxial  -  cable  ai*e  radial  in  direction.  Thus  the  j 

i  .  .  * 

!  ■ 

I  greatest  concentration  of  lines  of  force  occurs' at  the  cen~| 

{  '  '  1 

I  ter  of  the  system  •—  about  the  inner-  conductor  of  the  coax-  ? 

Ilal  cable.  •  ! 


i  The  further  from  the  center  of  the  cable,  the  less  2 

!  ’  '  •  '  I 

fdense  the  lines  of  force  of  the  electrical  'field.  I 

k  •  4 

|  ! 

|  -  It  Is  clear,  that  if  the  greatest  concentration  of  J 

(the  field  occurs  within  the  poorest  dielectric,  the  re-  I 

fsultant  characteristics  of  the  combined  insulation  of  the  I 

|  .  I 

| cable  as  a  whole  will  be  degraded.  J 

I  1 

I  The  best  effect  is  achieved  in  the  case  where*  the  j 

j  j 

| dielectric  is  removed  from  the  .strong  greatest-concentra-  I 

\  tion  field,  and  there  is  an  air  gap  at  the  center  of  the  I 

1  '  ! 

I  cable j  this  is  precisely  what  happens  when  a  radial  air-  j 

i 

{dielectric  combination  is  used. 

j  ‘  •  ! 

I  With  a  tangential  Insulating  structure,  the  dielec-; 

| trie  is  located  along  the  lines  of  the  electrical  field, 
[cutting  through  the  strong  concentration.  Thus  the  losses  i 


In  the  dielectric  are  larger  for  the  tangential  combination! 
than  for  the  radial.  ‘  I 


vwar-iW jfuui*. v.jwtw '.iar<rf *• ' -r<y *’  ^ 


\  °  '*' 


it 

Fig.  5~B8.  MStarM~?ypo  Insulation,  a)  Air  gap  at  cantor;  j 

b)  air  gap  at.  perlpherjr.  A)  Air;-  B)  dielectric,  j 

■  ■•  i 

.....  \ 

Wien  designing  coaxial  cables’  with  complex  multi-  | 

layer  insulation,  it  is  necessary  to  combine  the  dielec-  j 

trie  radially,  leaving  as  large  an  air  gap  as  possible  at 

the  center. 


From  this  point  of  view,  comparing  the  two  design’s 
of  “star "-type  insulation  shown  ir.  Fig,  5-28,  the  first 
is  to  be  preferred,  since  in  this  case  there  is  a  consid¬ 
erable  air  gap  in  the  sphere  of  the  maximum  effect  of  the 
electrical  lines  of  force.  On  the  basis  of  these  consid- 
erations,  bead-type  Insulation  has  rather  poor  electrical 
properties  in  comparison  with  combined  insulation  of  the 
continuous  type  (cord  or  spiral). 

Tables  5-10  and  5-11  give  experimentally, -obtained 
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'TAELS  5-10 


| TABIiS  5-10.  Feaultant  (equivalent* }  Values  of  t'ha  Dielec 
i  . 

-trie  Constant  £?  fo-  Coaxial  Cables  of  Various  Typos, 


iTrn  ks&sjb 


jOU'Wstpm 


© 

Taw 


t;  «•  .  |  ® 

f:  U  5  ,  «  !  i 
^  j  s  * 

«  ***  j  1® 
So*  o  jj 

Co  K  i«  j  sr*  ^ 


\ 


& 

£•  * 

Lt  £*0 


A1 

S  3  « 

m 

It  n  :£ 

I S  S  fci 


3  I  ! 


S  P 

““  ^ 

«W 


Iff 
tc4*> 


tyJR 

SMC 


| 

!  Kepaii'R*^ 
KepaMf**^-  ^ 
flO-nricimnra^) 
Crn|K>4'J»0KC^> 

5/  I  8  |  €  t « po^aescQ^ 

5/1 8 


0o4hct;ii 
|  By  Mar  a  0a\ 
j  Tp^aucTsV-P 
I  Xioir«»aTo6yi«aaC‘ 

!  Maq  KKTL 


!  UJIHCbi  ^  (0 

i  UlaMvJ 
Jhyxcflbfcshft  '(j) 
cmtpsjih 

Ompiruft  jsnpicac 
!  KoAn&HKU^ 

|  Kopzeit*  >■■'>, 
Kon^eni)  ^  ^ 


eo 

50 

30 


i  o 

!  >5 


» i 


!J9 

1,03 

(JO 


M3 
1,13 


1,3 


5 

12 


1,83/6,7  j  no.^STH, 
jl  ,83/6,7  i  3<Sohbt 

|  n-wsTswea.^ 
K^psama 
Cfifpa-JjaoKcw 


pa  *«»$£> 


iilaS5hf 


:Jl  ,0  \'U 

|2,t-/9, 
|2.e/M 
2, 6/3,4 


i  M*fi6**  //o> 

i  VLirMiA  !xl  ' 

I  J 

j  Ofiopif.  napKacQ') 
j  (KO«6a«opAc.ib) 


^  M 


m 


25 


r> 


»1 ,4 —  i  ,6i 
i  1,3— 1,5! 
!'  IJ2  i 


n  ?  jo 

i  !  ia 


[  a 

|  13,3 


2,2 


12.6/9,4 

12.6/9,4 

;2,6/M 


Ho;sffCTHL 
SSOKH?  (61 
rUWKJTH^Cll  $) 


IIIsfiSuK  7 

maa^u  }y 

,  Kopj.e;nJ^ 


125-30! 
20 


2.0, 


1,1 
i  .22 
1,2 


1,03 
1,2 
1 ,38 


5 

5 

M 


!  io 

i  40 


■OS****,  %£? 


|  A)  Type  of  cable;  B)  dielectric;  C)  type  of  Insulation; 
l  ' 

i  D)  distance  between  beads  b,  urn;  E)  thickness  of  bead,  a, 

|  mm;  F)  £ ;  G)  ratio  of  volume s  of  dielectric  and  air,  '  j 
. '  6  ’  | 

H)  ceramic  •;  I)  polystyrene;  J)  styroflex;  K)  paper; 

|  L)  triacetate  j:  M)  cotton  paper  filament;  J? )  .•  polyethylene ;  »• 
I  *  '  | 

0)  ebonite ;  P)  beads;  Q)  two -layer  spiral ;  R)  supporting  j 

.\ 

j  frame;  S)  caps;  T)  cord;  U)  Spiral;  V)  supporting  frame  ; 
|  (combination  cord).  | 

f  ”  ^ 

>  ,  .  ■  j 

|  As- experience  in  the  production  and  operation  \ 

|  | 

|  of  cables  has  shown,  decreasing  the  relative  relationships'; 

f  ’  •  \ 

I  of  the  dielectric  volumes  below  the  ratios  given  limits  f 

I  ■  '  j 

f  the  mechanical  stability  of  the  cable  insulation. 

I  ■  [ 

i  The  various  methods  of  insulation  stand  in  the  ] 

*  i 

I  •  ! 

i  same  order  with  respect  to  electrical  effectiveness, 

i  '  '  j 

?  .which  for  a  given  dielectric  is  determined  by .  the.  ratio  of 

t  -  | 

I  the  volume  of  dielectric  V^,  to  the  volume  of  air,  V  ,  I 

i  .  "  | 

j  in  the  insulating  space  of  the  cable.  j 

i  | 

f  The  best  insulating  materials  for  trunk  coaxial  j 

!  cables  are  polystyrene  ( styroflex),  and  polyethylene, 

\  '  \ 
|  which  have  nearly  identical  electrical  properties  in  the  j 

!  .  .  1 
I  frequency  range'  of  interest  to  us,  I 


070 


TABLE  5-11.1 

*  .  A  r 


/  v 


O  Q 
vO 


o  _ 

C‘4  O 


j  erf 

it 

4V- 

1.0 

u 

ro 

n 

CS 

.V 

cr 

P?! 

^6 

tj 

*  *  \ 

\  « 

? i 

« 

!  i1 

C£ 

v  ‘7 
a: 

i? 

f— 

» ! 

*3 

a; 

Of 

*3 

!■  *a 

3 

a 

sr 

R; 

a 

i  \o 

r» 

vo 

*Cfk 

"CJ 

xO 

PS 

PV 

a 

*n> 

a 

/*■ 

t  ; 

K 

c;  0) 
rf  r-t 

rj 

Cu 

v;> 

S(0 

*»wk 

c 

C« 

JUT: 

O  o 

fM 

l-vf 

i  **-4 

!  XT* 

l  ^  ‘»k-.. 

a 

V»J«4 

\ 

o 

JPWkP' 

t; 

v*-4 

V 

O  '  o  o  o 

€N  ^  'N  CS  CS 

4!  n  4!  4!  I 

.  ~  CN  .  „  .  *  .  . 

v  (  1  .M  'JNf  CN 

;i  !l  ll  jl  j! 

’i  ^  a  sj  ts 


2  7  r 

o  vo  £» 

*  ’«  L- 

r:  r;  r?n 


. h 


$w< 


a  «  s 

*  X  (~ 

ss  ^  u 

*>  <•;  S 

a  a,  *5 

4>  <u  o 

Kt*  p*5 
«■  mi  |>  -Ml 


a 

s:  a  e:  r  a 


2  ° 
C  vo 


O  £>  u 

S*  5  x  5 

H  S£  H  j** 

O  Jp  <*>  <!; 

3?  pa  B  a 

^  e,  5  5 

c  c*  C  v<- 


ff>  tz  C  ^  C  C 


oo  ce  DO  M 

V»4  W*“4  «*»»<  1WMJ 

‘I-**.* 

»~c‘  i rS  trS  to 


00  co 

irj  io 


^  ^  ^  ^ 

5^  <Ti  pfi  <X  gT  0> 

£$  ^  co  ~c>  ?o  ?r>  vo"*  f£> 

CO  CO  »  *  «. 

^  j;  CN|  CM  c^i  £M  m 


273 


I*o ss  Angle  Tan  &  for  Coaxial  Cables  of 

0 


TABLE  5-11*  Resultant  (equivalent)  Value a  of  Dielectric 

arioua  Types. 

|  A)  Type  of  cable j  3)  dielectric;  C)  type  of  insulation; 
jD)  ratio  Vd/Va,  E)  Tan  %  .ICf'’4  at  f,  ops;  ?).  ceramic; 

|  G)  polystyrene;  H)  styroflex;  l)  paper;  J)  triacetate; 
t  K)  cotton  paper  filament;  L)  polyethylene;  M)  ebonite; 

N)  note.  Thickness  of  bead — a  (mm)*  Distance  between  beads 
— b  (mm);  0)  bo  ad  3:  I)  caps ;  Qj  supporting  frame;  R)  two- 
layer  spiral;  S)  cord;  T)  spiral. 

5-9.  THE  EFFECT  OF  a  DIELECTRIC  ON  THE  CHARACTER¬ 
ISTICS  OF  A  COAXIAL  CABLE 


a)  Ratio  of  the  Metal  Attenuation, 


to  the  Dielectric  Attenuation,  p 
r;f  a  Coaxial  Cable 


0> 


j  The  a  a  sumption  that  =  0,  used  in  deriving 

j  formula  (5-31 )y  is  correct  only  in  the  limiting  frequency 

t 

r 

I  region.  In  general,  the  attenuation  of  coaxial  circuits 

f 

! depends  both  on  the  metal  loss  and  the  dielectric  loss, 

J 

•  In  both  theory  and  practice,  .it  has  been  shown 

1 

j  that  the  properties  of  the  dielectric  have  a  decisive 
i 

influence  upon  the  parameters  of  coaxial  cables,  and 
consequently,  upon  the  fundamental  characteristics  of 
|  transmission  (width  of  the  transmitted  frequency  band. 


*»&*»■ rwwM-rwrvK *  --un *r;t  n**r  wur  w**m '.<r s*  witjrifcrx! va#/. c«. ,-,ir. - •4i,. 


f 

8  =  3. 4.3  —iwy^A-io-*  10  ,./"—  *  tr.fir  _  f 
1  /<  *  it)  ~  '  "Jj  r~3  “/ r  £ tanO*  10  6  [ispcrs/lcm]  | 


!  (5-52) 

j 

In.  studying  the  dependence  of  attenuation  upon  - 

j  S 

{  i‘fequency  (5-29)*  it  should  be  noted  that  while  the  first  I 

!  ■  •  \ 

f  term  of  equation  (5-52)  varies  in  proportion  to  Jf  ,  the  i 

I  i 

j  3econd  term,  which  la  related  to  the  frequency  by  a  linear' 

\  1  \ 

I  law*  increases  considerably  faster  as  f  increases.  ■ 


To.ua,  If  high-- quality  dielectrics  (with  low  tar;.  1 

&  )  are  used,  it  is  possible  to  obtain  low  dielectric  j 

losses  in  a  specific  frequency  band,  bo  that  it  may  bo  \ 
s'.  | 

|  assumed  that  3s*  0;  at  higher  frequencies,  however,  it  | 

I  tr-il-l  increase  so  much-,  that  the  magnitude  of  g  will  « 


I  play  a  dominant  role  in  the  overall  attenuation  of  the 

f 

1  08151,2 *  Accordingly,  let  us  establish  the  frequency  band 
|  for  which  a  coaxial  cable  .is  to  be  used  as  a  function  of 
the  type  of  dielectric  employed,  introducing  the  parameter) 
K,  which  equals  the  relationship  of  the  attenuation  in 
the  dielectric  to  the  attenuation  in  the  metal i 


'  Afss  |2.=  0,042  Vi  Tl-D. 

(5-53) 

Assuming  the  overall  attenuation  of  the  circuit 


H+kimk* 
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to  be  1.,  we  obtain  an  an  expression  for  determining  the 
relative,  value  of  £,.,  and-  fU  and  the  total  attenuation 

if  it  A 


of  the  circuit.  Since  p^  ~j~  j^.  rr  1 


’G 


ahd  ~  m/f 
hi 


ii  — 

;?o  X+l 


r“"/C:i-T  * 


Table  5~3  2  gives  the  results  of  a  calculation  for  { 

f 

the  parameter  K,  and  the  per  cent  proportion  of  attenua¬ 
tion'  in  the  dielectric,  f> ,  and  metal ,  fw  for  a  cable! 

U“'  -  £\  .*  \ 

D  «9*4  am,  and  polyethylene  -be  ad  insulation,  tan'  5  =  , 

_l! 


“•2*10  ,  The  values  of  If 


j.  fG>  and  pR-  are  also  given  for 


the  .case  in  which  paper -cord  insulation  is  used  (tan  $  J 


|  SOO-IO*"4 
|  _ 
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y™  i 

(Ja^HSAeiCTpUK 

|  ^ 

!  lo  *  0/u 
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nOJIHSTMiie.H  ©.  . 
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|  TABLE  5 

'  # 

-12.  Frequence  Dependence  of  the  Parameters  K, 

I  and  p.^ 

.  A)  f,  cpsj  B) 

dielectric]  C) 

polyethylene]  D) 

| 

S  paper j 

E)  polyethylene] 

F)  paper;  0)  polyethylene] 

H) 

pa- 

LesnJQ 
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•  It  follows  from  Table  S.  that  in  the  frequency  } 

■  7  i 

region  used  for  modern  trunk  coaxial  cables  (up  to  10'  ops), 

the  losses  In  polyethylene  insulation  are  negligible,  and  .. 

do  not  exceed  2.5#  of  the  total  loanee  in  the  cable.  For  • 1 


the  name  frequency  range,,  the  losses  in  paper  insulation  f 


are  100  times' greater  than  In  the  polyethylene,  and  amount; 
to  71#  of  the  total  losses,  This  means  that  nearly  3/4  of  i 


the  transmitted  electromagnetic  energy  is  lost  in  the  dir  j 

v  f 

electric  and.,  consequently,  paper  is  totally  unsuitable ' 

> 

•> 

for  insulating  coaxial  cables,  •  | 

The  attenuation  in  the  metal  depends  upon  the 
properties  of  the  materials  used,  and  the  geometric  dim¬ 
ensions  of  the  cable.  The  optimum  valve  is  obtained  by 
using  the  ratio  D/d  «  3.6,  and  by  making  both  conductors 
of  the  cable  of  copper, 

i 

! 


,  l 


I 

MnMWujl 
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j  Fig,  5-30.  Frequency  Dependence  of  K  «  /V/3K.  a)  ^aperl 


J,kpolye  thylene 1  1 


C)  cpt 


I  : 

j  There  are  no  other  ways  to  decrease  the  attenua-  \ 

I  .  '  ! 

|  tion  losses  In  the  metal  by  any  substantial  amount,  ,  j 

|  The  attenuation  owing  to  the  insulation  may  be  j 

I  I 

j  reduced  to  a  minimum  by  improving  the  dielectric  materials^ 

I  •  I 

t  used.  Thus,,  while  the  losses  in  the  metal  are  unavoidable,  1 

}  .  .  '  "\ 
|  the  dielectric  losses  may  be  attacked  successfully.  \ 

i  .  i 

|  From  the  graph  of  the  coefficient  K  as  a  function  | 

I  •- 

|  of  frequency  (Fig,  5-30),  it  1b  clear  that  the  attenua-  I 

i .  * 

%  •  .  t 

{  tions  in  the -dielectric  and  the  metal  become  equal  | 


i  *  h#i  *  t  m ut*i t*n  *  •  <*** im  <****&*'* 
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*s,  «W*rm  •.•**//*»•'- aWno*  i&w  **■'■*  **  "*  l  «*»•** 

p:r*%/fft  ~  1 )  In  a  cable  with  air -paper  i.nsyxPtl  on  at  a  , 
j  frequency  of  f~  1.64*10'’  ops,  while  in  a.  cable  with  poly-  f 


j  et 


lene  insulation  this  o 3 cure  at  f 


10 

.64-10  cps 


;  Consequently,  using  polyethylene  Insulation  in  cables  cor- , 

\  ,  \ 
\  siderably  extends  their  useful  frequency  region  in  compa-  | 

f  t 

j  I 

l  risen  with  air-paper  insulation.  j 

j  ; 

j  It  follows  from  formula  (5-53)  that  the  relative  j 

i  I 

i  value  of  attenuation  losses  in  the  dielectric  increases  j 

j  O  ( 

|  in  proportion  to  tan  o  and  the  diameter  D  of  the  cable.  j 

l  .  4 

}  This  is  explained  by  the  fact  that  as  the  dame  ter] 

I  -  i 

j  of  the  cable  increases,,  the  resistance  cf  the  cable  drops, f 


I 

1  .1 

*  and  the  losses  due  to  attenuation  in  the  metal  al.org  with  j 

i  5 

| 

it,  and  consequently,  the  relative  importance  of  the  at-  j 
I  tenuation  in  the  dielectric  rises. 


j 

i 
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Fig,  5-31,  The  Ratio  of  the  Losses  in  the  Dielectric  to 
those  in  the  Metal  in . Coaxial  Cables  Having  Different  Di¬ 
electrics,  A)  Paper;  B)  rubber;  C)  steatite;  D)  frekventa; 
|  e)  polyethylene;  F)  polystyrene;  G)  cps , 


|  Eig,  5-31  gives  calculated  values  for  the  coeffi¬ 
cient  K~P  q/  .p  p  (in  per  cent)  for  coaxial  cables  having 
I various  dielectrics  for  the  frequency  range  effectively 
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|  transmitted  over  trunk  coaxial  cables  from  6i>jL0i  cps  to  f 


10*10 '  opa)*  It  follows  from  Fig,  5-31  that  over  the 


I  entire  frequency  band  up  to  10*10"  cpe  the  losses  in  euch 

I 

|  dielectrics  as  polyethylene  and  polystyrene  do  not  exceed  | 
|  7$  of  the  losses  in  the  metal  of  the  cable. 


b)  Diameter  of  a  Cable  With  Various  Dielectrics 


|  Below  we  shall  consider  the  effect  of  the  Duality  f 

|  ■  _  '  f 

[  of  a  dielectric  upon  the  dimensions  of  the  cable «  -  f 

Pig.  5-32  gives  the  results  of  a  calculation  .of 


the  diameters  of  a  coaxial  cable  as  a  function  of  the 

6 


i 

•j 

if 

| 

type  of  dielectrics  used,  for  a  frequency  of  1GU  cps.  The  | 

$ 

attenuation  of  all  the  types  of  cables  used  urns  cons tart t,  > 

f 

equalling  0.3  neper s/km.  \ 


The  outer  diameter  of  a  coaxial  cable  is* deter¬ 


mined  on  the  basis  of  formula  (5-52).  transformed  to  the  I 

i 

following: 


D 


O^SV/^iO^  _ 


(5-54) 


? 

v  1 


Pig.  5-32  confirms  the  fact  that  it  is  not  desi 


rabie  to  use  such  dielectrics  as  paper  and  rubber  In 

r~i 

I!  coaxial  -cables,.  For  exactly  the  same  attenuation,  the  &i~ 

:a»eter  of  a  polyethylene-insulated  cable  is  5.3  times 

!  • 

;  less  than  that  of  a  rub  t er -insul a t e& .jsab  la,  .and  40  times 

, less  than  that  of  a  .paper-insulated  cable.  Consequently, 

j  i  .  '  ' 

;it  is  desirable  to  use  such  high-quality  dielectrics  as 
H  • 

|  'Polyethylene  from  the  point  of.  Tie*  of  economising  on  the 
|  ;  copper  and  lead  used  in  manufacturing  the  cable/ 


I'Flg*  5™32»  Diameters  of  Coaxial  Cables  Using  Different 

j  £ 

'Types  of  Dielectrics  (f  «  10°  ops).  A)  Paper)  B)  rubber) 
c)  steatite ;  D)  ebonite)  E)  frekventa;  j?)  polystyrene; 

"  G)  polyethylene*  •: 


c)  Comparison  of  the  Various  Dielectric  Designs 

In  order  to  illustrate  the' effect  of  dielectric 
structure  on  the  characteristics  of  a  coaxial  line.,  Pig. 

i  ■ 

5-33  gives  the  attenuation  of  a  type  2*6/9.^  cable  as  a  i 

t 

c 

function  of  frequency;  this  ia  computed  for  three  types  * 
of  insulation t  1)  Solid  polyethylene ,  2}  pc  lye thy lone -bead 
insulation,  3)  sir*  Insulation  (without  a  solid  dielectric)! 

f 

It  Is  clear  from  Pig.  5-33  that  even  polyethylene  * 
Introduces  additional  attenuation  into  the  transmission  ; 
circuit.  '  '  • 

A 

\i 

Thup.j  if  the  attenuation  of  an  air-insulated  cable) 
is  assumed  to  be  100&,  be ad- type  Insulation  increases  the  } 

attenuation  by  9%  while  a  solid  layer  of  polyethylene  in-  ? 

♦ 

creases  it  by  5*$»  This  is  explained  net.  so. much  by  the  ') 

i 

losses  in  the  dielectric,  P-n,  as  bv  the  increase  in  I 

tr  v 

i 

>  f 

> 

Pp® (r/2) (/C/Ti)  owing  to  the  large  capacitance  of  the  j 
cable  with  solid  insulation  (the  capacitance  of  the  cable.) 
with  solid  insulation  was  C  *  99  n\pf  /km,  while  for  bead-! 

type  insulation  it  was  47.5  vrpS/k rr.)*  f 


ymn 
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I  Pig.  5-33.  The  Attenuation  of  a  type  2. 6/9. 4  Cable  With 

I 

i  Polyethylene  Insulation  As  a  Function  of  Frequency.  A) 

i  ‘ 

<  * 
i  % 

|  Neper s/km |  B)  solid  polyethylene ;  C)  polyethylene  beads 

| 

i  Dlairj  E)  cps. 

!  ' 
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j material s*  In  trunk,  coaxial  cables  air-combination’  type  j 

i  i 

|  insulation  is  used  with  the-  minimum  amount  of  solid  di~  j 

| electric*  The  amount  of  the  latter  used  is  determined  '  { 
f  l 

|  solely  by  the  need  for-  rigid  maintenance  of  the  coaxiality  j 

i  of  the  inner  conductor  with' respect  to  the  outer  conductor ^ 

j  '  i 

I  and.  by  the  requirements  for  mechanical  strength  for  the  f 

|  cable  as  a  whole*  •  I 

i  1 

j  Figi,  5*-'v-'  she.**  a  the  losses  in  the  dielectric  of  j 

a  2 *6/9 *4  type  cat  J.e  haying  bead-type  insulation  of  eb~  „• 

|  .  | 
}  onlte,  frekventa,-  polystyrene,  and  polyethylene  (a  »  2  mmj  f 

8  "? 

}  b  ss  20  mm) j  it  le  clear  from  the  figure  that-  cables  with  I 

■I  | 

|  polyethylene  and  polystyrene  Insulation  have  the  best  § 

I  i 

I  electrical  properties,  11 


d)  Bead-Insulated  .Cable  Design 


I  The  bead-type  .Structure  is  the  result  of  a  com-  j 

I  ■  I 

I*  promise  between  .two  opposing  requirements*  On  the  one  I 

j 

hand,  in  order  to  attain  the  least  attenuation  in  the  , 

cable  it  is  desirable  to  use  the  smallest  amount  of  di-  j 

|  i 

i electricj  on  the  other  hand,  the  mechanical  strength  of  \ 

the  cable  link  and  its  electrical  uniformity  require  that  I 

I  | 

|  the  beads  occur  rather  freauently  in  the  cable,  J 

I  1 

|  Thus  b,  the  distance  between  beads,  and  a,  the  | 

I  bead  thickness,  are  chosen  so  as  to  yield  the  minimum  I 


amount  of  dielectric  that  will  sitaul  baneously  provide 
the  required  mechanical  structural  strength. 

In  order  to  select  the  'bead  spacing,  it'  in  also 

t 

i  necessary  to  compute  the  critical  wave  length.  However, 

I  trunk  cables  are  utilized  for  a  frequency  band  lying ' con 

j 

slderably  below  the  critical  wave  length,  so  that  in  the  ; 
|  case  considered  this  factor  has  practically  no  importance,  j 
‘For  common '  bead-intulated  cables,  the  critical  wave  length * 

|  if  ? 

|  \  is •  about  10  cm.  Consequently,  such- cables’ car  trans**  i 

I  '  •  ! 

|mit  a  frequency  hand  of  up  to  3,000  Me.  j 

j'  Pig.  5-35  gives  the  electrical  parameters  of  type 

j  2.6/9  A  cable  with  polyethylene  head  insulation  (bead 
thickness — 2,2  mm)  as  a  function  of  the  variation  of  the 
distance  between  beads  from  5  to  5’G  jam,  at  a  frequency 

f  SS  10^  CpS*  ,  I 

* 

.  .  i 

As  Fig.  5-35  shows,  increasing  the  distance  be-  j 
J  } 

|  tween  beads- decreases  the  following*  The  cable  capaci-  j 

j  tance,  the  chunt  conductance,  and  the  attenuation.  In-  j 

creasing  b  by  10  times  (from  5  mm  to  50  mm)  drops  the  at-  j 

‘  ■  ? 

tenuation  by  20$.  '  j 

Fig.  5-36  shows  the  dependence  of  the  parameters  ] 

i 

|  of  the  same  cable  on  the  variation  in  the  thickness  of  \ 
the  polyethylene  beads,  with  a  fixed  distance  between  them* 

ft 


of  b  s  25  non  the  figure  shows  that  an  increase  in  a  leads  | 
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| to  a  decrease  in  C*  Q>  and  ^  . 


Fig.  5-35 .  The  Dependence  of  the  Parameters  of  a  Cable 

!  ,  5 

\  Upon  Variation  in. the  Distance  Between  Beads  *»  10' 

i  . 

I  cpe).  A)  m  neper s/kmj  B)  njif/kmj  C ^mho/krii. 
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I  Fig,  5~36.  Variations  in  the  Parameters  of  a  Cable  With  j 
|  Increasing  Thickness  of  Beat’s.  A)  m  neper  a  Aon;  B) 

( 

;:  C),JU:nho/kir).  I 
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Fig,  5-38*  Dependence  of  the  Attenuation  Owing  to  Losses 
in  the  Dielectric,  $Q,  on  the  Relationship  of  the  Thick¬ 
ness  of  Beads,  a,  and  the  Bead  Separation,  b,  for  Various 
£  of  the  Dielectric  (f  *  106  cpc).  A)  in  nepers/km;  B) 
tan. 


■  p 


As  the  thickness  of  the  beads  Increases  from  0*5 
to  10  mm,  the  cable  attenuation  rises  from.  260  to  308 
in  nepera/km. 


_J 
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Ok  the  basis  of  the  requirements  for  the  mechanl-  | 

.  f 

cal  strength  of  a  2, 6/9 *4  cable,  2,2  nan  is  chosen  as  the  f 

i 

|  thickness  of  the  polyethylene  beads,  and  a  .spacing  of..  25 
nan  is  used .  *  ;1 

\  Fig.  5-37  gives  data  which  permit  the  calculation  \ 

I  •  l 

I  of  6‘  a#  for  a "  bead-insulated  cable  whose  dielectric  con-  ; 


starxt 


varies  from  2,2  to  3,9 «  -The  ratio  of  the 


bead*»  thickness,  a,  to-  the  bead  spacing,  b,  is  plotted  '  ! 

■  *“  v  "  .  | 

along  the  axis  of  abscissas,  while  the  value .of  5\  is  ’  j 
plotted  along  the  axis  of  ordinates,  ■  f 

Fig,  5“38  gives 'a  graph  of  the  variation  of  attenui 

' :  .  "  '  I 

atlon  owing  to  losses  in  the  bead  insulation  as  a  function I 

of  the  ratio  a/b_ for  various  dielectrics  having  a  value  of? 

,  £ 

tan  from  2*10“^  to  10*10”^,  at  a  frequency  f  *  106  j 

i 

cps,.  •  '  I 


1-10,  PRINCIPLES  FOR  SETTING  UP  COMMUNICATIONS  OVER-'' 
COAXIAL  CABLES 


-  In  this  chapter,  we .will  consider  the  following  '  ■ 

questions  that  determine  the  structure  of  a,  coaxial  cable  I 

■  .  .  ‘  j 

and  the  design  of  a  cable  trunk  as  &  whole:  1}  The  prin-  j 
clple  for  employing  the  coaxial  line  { 2-wire  or  4 -wire 
communications  systems)]  2)  link  set  up  (single-cable 
hr  double-cable ) t  3)  the  principle  by  which  the  circuits 
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l  are  multiplexed  (the  manner  in  which  telephone  and.  tele-  j 


|  vision  transmissions  are  accomplished) 


It  should  be  kept  in  mind  that,  as  a  rule,  coaxial  > 


s  cables  are  combination-type.  In  addition  to  a  fixed 


number  of  coaxial  circuits,  a  corresponding  number  of 


< 

l  * 


t  symmetric  pairs  and  quads  are  located  within  a  common 


I  - 


j  lead  sheath.  The  symmetric  circuits  are  intended  for  com- 
1  raunications  between  intermediate  sections  of  the  run  as 
l  well  as  for  signaling  and  service  messages  along  the 


trunk 


On  the  basis  for  utilizing  the  long-distance  com- 


I  munications  circuits,  the  lire  is  classified  as  two-wire 


|  or  four-wire. 

f 

In  two -wire  transmission,  a  pair  of  conductors 
serves  for  communication  in  the  forward  and  return  diree- 
1  tion. 

In  the  four -wire  method  (Fig,  5-39)  four  wires 

are  employed,  for  tranemi salon,  of  which  two  are  used  for 

communications  in  one  direction  (from  A  to  E),  and  the 

other  two— for  communications  in  the  return  direction 
i' 

) (from  B  to  A), 

I  The  four-wire  communications  system  is  used  fer 

| 

| trunk  long-distance  cables  using  carrier  multiplexing, 

) Among  the  advantages  of  the  system  are:  Simplicity  in 


r*  0  Q  f,  ****** ' 


-mmM, 


■■  j«Bti»aws*- fat. r’W.Swr'MtistM# '»  a  '» .  j  .«k  -.  ?«  * 
. .  ""  ; 

{  amplifying  equipment  (differential  filters  are  not  re-  i 

I  ~  .  f 

|  qulred  at  the  repeater  points-- up),  long  transmission 

|  span,  and  reliability  of  communication . 

r 

j  > 

With  the  'two -wire  transmission  system,  the  length  1 

?  f 

{  of  the  link,  both  for  symmetric  and  for  coaxial  cables,  | 

f  I 

|  is  limited- to  several  hundred  kilometers.  Accordingly,  on  l 

|  all  long-distance  trunk  cables,  in  order  to  provide  two-  f 

I  way  communications, •  two  coaxial  circuits  are  used?  One  fori 

!  1 

;;  transmitting  all  channels -in  the  forward  direction,  and  > 

i  I 

t  i 

|  the  other  for  the  reverse  direction,  ^  -  -j 
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1  Fig*  5-39  •  Principles  for  Using  Coaxial  Circuits*  a)  Two-  j 
|  1 
i  v;ire  principle  j  b)  four -wire  principle  *  I 
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|  Two  systems  are  used  to  set  up  four-wire  cable 

|  communications :  a)  Hie  single-sable  system,  in  which  all  , 
I  Circuits  for  the  forward  and  return  transmission  are  com-  ■ 
Lined  in  one  cable,  audit)  the  two -cable  system,  ir.  which  j 
|  the  cables  of  the  forward  and  return  links  are  located  In 
{two  individual  cables. 

|  As  a  result  of  many  years  of  experience,  the  two- 

|  cable  system -has  become  accepted  for  symmetric  cables, 
j  Two  individual  cables  are  laid?  in  one  of  them 

I  the  circuit,  the  A  »  direction  arc  grouped,  and 

|  in  the  other — the  circuits  of  the  B  — *•  *  cUreuteon. 

t  The  use  of  the  two-cable  system  hac  been  brought,  about 
by  the  difficulties  In  protecting  symmetrical  circuits 
of  direct  and  return  links  from  mutual  Interference  when 

they  are  located  in  a  common  cable. 

In  practical  trunk  coaxial  cable  service,  both 

j  communication  systems  are-  xiaed. 

In  trunk  cables  using  type  5/1S  cable,  the  two- 

cable  communication  system  is  chiefly  used.  As  a  rule, 

the  two  individual  cables  are  laid  in  a  common  trench: 

One  is  used  for  the  forward,  and  the  other  for  the  return 
i 

{  link. 

!  Medium-size  (2.6/9.^)  an(*  small  {1*83/6-7)  cables 

are  used  advantageously  for  single -cable  systems.  Here, 
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who  Be 


jjthe  presence  in  these  lines  of '.  symmetric  circuit cf 

ftnoise  resistance  in  Mgh-frequeney  channels  (in  a  single 
jj 

f’ cable-system)  may  prove  to  be  inadequate , 


I  -  Experience  In  the  development  and  operation,  'o- 

i 

f  , 

1  cable  trunks  has  shown  that  this  obstacle  may  be  overcome 

■'  t>y  the  Installation  of  a  dividing  screen  ^Fig.  o—lilbj  or 
i 

•!by  locating  the  symmetric  circuits  in  such  .fashion  that 
[.;  the  forward  links  are  screened  from  the  return  links  by 

s-  ■ 

*•  the  metallic  sheathing  of  the  cable  (Fig.  $~kla.) , 

iy 

|:  The  noise  resistance  of  the  symmetric  circuits 

I' 

jj;  may  also  be. increased  by  limiting  the  frequency  range 
|  over  which  they  are  used,  especially  since  in  a  combina¬ 


tion  cable  this  is  of  secondary  importance. 

js  All  of  this  points  to  the  greater  economy  of  the 

\  single-cable-system  of  communications,  using  coaxial 

V-  ~  * 

* 

(;  trunks . 

|  The  -methods  for  multiplexing  coaxial  trunks  have'  ) 

[ 

J;  undergone  considerable  change  in  recent  years . 

? 

|  The  achievements'  of  'contemporary  cable  technology 

jin  the  field,  of  shielding  coaxial  circuits  provides  com- 
jplete  compatabillty  of  the  forward  and  return  circuits  in 

t 

| one  cable. 

|  The  only  obstruction  to  the  large-scale ■ introduc¬ 


t 


tion  of  single -cable -communications  using  coaxial  lines  Is 
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f'Fig.  5-40,  a  )  Cable  for  s  ingle  -cable-system  communication; 
lb)  cable  for  double -cable -system  communication. 
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|  Pig.  5-41*  Shielding  of  Symetrio  Circuit©  In  a  Conbina-  I 

i  | 

f  tiori  Cable  *  1-*Y~*~A  — — >  B  syimetric  circuital  ;.  •-  j 

j  f 

j  8~l4— B  ■  •— - . ~>  A  symmetric  circuits.  A)  Symmetric  circuits  j 

|  B)  coaxial  circuits;  C)  dividing  shield;  b),  coaxial '  cir-  j 
I  '  j 

I  cult* 


j  At  first,  when  the  musiber  of  telephone  links  .  : 

|  existing  in  a  coaxial  cable  did  not  -exceed  100-200  (up  to 
j 1-2  Me)  and  2-3  Me  were  reserved  for  television,  the  multi- 

I  pie xing  spectrum  did  not  exceed  4-5  Me,  and  the  entire 

1 

transmission  utilized  a  single  cable.  This,  in  particular,  i 


-hMMMe.'A  <*<*!  >WM 


■s  nflxrwmi  rf..«ww»f  'MH&KSI'V-  ■  -  *  «*»)«*»>■>-•  «M*uMS«ef  t:  1 


iQPV-pfW* 


*W W** 


«.«v  mw-vwi :***•.;  li  *WT'Vl3t  -.-a-ttjrfxi  •.  •«:&,  i-i^-tK.  r'ftcMnvWMW'  opt*  ■  «r;r+wj#r,  <'#SIW.'W4iif'  ^  W^A>’  'SV:*-*'  ‘  »-wtfc.<*'K-  •/>  i  * ' 

I  was  the  multiplexing  system  for  type  5/18  and  1,83/6*7  ( 

I  I 

I  cables,  } 

?  At  present  there  is  a  tendency  to  multiplex  coax-  . 

\ 

|  iel  circuits  by  using  separate  coaxial  pairs  for  the  trans- 

V  .  * 

|  mission  of  telephone  and  telegraph  channels.  For  example,  j 
|  ? 

|  in  type  2.6/9, 4  coaxial  cables,  two  coaxial  circuits  are  * 

I  '  ’ 

j reserved  for  television  (forward  and  return  transmission)  > 

land  two -circuits  for  two-way  telephone  communication,  \ 

y  ’• 

J  v 

I  The  separation  of  coaxial  circuits  into  television: 

\ 

!  and  telephone  circuits  was  carried  out  on  the  basis  of  j 

I  the  following  considerations:  l)  Modern  systems  of  high-  j 

t  .  __  j 

quality  television  require  a  band  width  of  up  to  6-10  Me.  | 

1 
•  r 

In  modern  trunk  links  the  number  of  telephone 

channels  reaches  660,  using  a  frequency  band  of  3  Me,  ’j 

t  Thus,  in  order  to  combine  telephone  links  and  \ 

|  television  In  one  circuit  it  would  be  necessary  to  use  ! 

I  l 

I  i 

S  the  coaxial  cable  over  a  9-3  3  Me  frequency  spectrum,  j 


v.rhich  would  lead  to  a  corresponding  increase  in  the  com¬ 
munications  span  (distance  between  repeater  points),  2.) 
the  equipment  required  to  separate  the  individual  tele¬ 
phone  and  television  circuits  is  simplified  (dividing 

1  equipment  is  not  required  at  the  UP),  The  distortion  com- 

| 

jpensation  system  is  also  simplified,  since  the  different 

| channels  require  different  equalizing  circuits  (in  tele- 
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vision  it  In  primarily ' Important  to  remove 'phase  die tor-'  | 
1  ”  *  ’  | 
|  tlon*  while  for-  telephone  circuits  amplitude  distortion  f 

| must  'bo  eliminated) , 

j  ••  i 

|  What  has  been  said  above  makes  it  possible  to  j 

| formulate  the  basic  principles  for  constructing  coaxial  | 

|  f 

l  cables  and  designing 1  Modern,  cable,  trunks*  ■  •  ’••.•!• 

j  1*  Coaxial  trunks  should,  be  used  in  a  single -Cable  (•• 

f  ,  ’  I 

I  system*  which  is  more  economical  and  technically  progres-  ! 

1  '  .1 

■  •  .,  | 

2*  All  links  should  be  set  up  in  a  four— wire  sys~  | 

f  tem*  .with  separate  coaxial  circuits  for  television  and  i 

|  telephony.  I 

j  .3*  The  most  advantageous  construction  of  a  com-.,  ■  \ 

I  bined  coaxial  cable  is  the  location  under  a  conacson  lead 

|  sheath  of  four  coaxial  p|tlrs  and  a  corresponding  number. 

|  . 

|  of  symmetric  circuits  (used  In ; multiplexing  up  to  60  kc,  -1 

i  ■.  -  i 

f  ana  in  low-frequency;  communications  service )  „ 


| 

| cables  * 


5~n. 


THE  STRUCTORE  OF  COMBINATION  ",  I 

I 


COAXIAL  CABLES 


There  are  several  types  of  combination  coaxial 
The  most  typical  of  them. are  the  following. 


r 

S 


?•«**&■*  .***•*«?■■■  I*  .»* 


•  TYPE  2, 6/9.^  COAXIAL  CABLE  (Pig,  5-42) 

The  cable  constats  of  four-1  coaxial 'pairs,  located 
at  the  center5.*  and  one  layer  of  symmetric  circuit  a,  con¬ 
taining  two  shielded  pairs, • and  10-14 • spiral  quads  for 
|  carrier  oomrourd  cation,  'Bus  .shielded  pairs  are  3  coated 
|  diametrically  opposite  each  other.  In  the  empty  space 

between  the  coaxial  pairs,  . there  are  located  'four  quads 

v 

Intended  for  service  communication  (low-frequency  eoiamu- 
ni cation), 

Each  coaxial  pair  consist's  of  an  inner  copper 
conductor,  d  -2.6  mm,  and  an  outer  conductor  which  takes 


the  form  of  a  copper  tube  with  a  diameter  of  D  «9-4  acnj 


|  the  tube  Is  the  single -seam  *  zipper  ,  ”  type, 

|  Bne  coaxial  pairs  are  Insulated  with  polyethylene 

I 

}  beads,  2,2-  mm  thick,  spaced  25  mm  apart.  -The  shield 

j  . 

|  around  the  outer  conductor  consists  of  two  mild-steel 

! 

|  t  ape  s .»  0 . 15-0.2  mm  t  hi  c)c » 
i 

I  The  four  coaxial  pairs  and  the  four  symmetric 

j  service • quads  are  combined  ‘into  a  strand*  covered  by  a 

j  .  • 

j winding  of  2-3  layers  of  '  paper'  tape.  The  diameter  .of 
|  of  the  symmetric  circuits  of  the  spiral  quad  is  1.2  bub., 
the  diameter  of  the  shielded  pair  is  1,4  nan.  Paper-cord 
Insulation  Is  used.  The  shield  is  made  of  metal ized  paper. 
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bne  of  the  shielded  pairs  is  for  monitoring*  and  its  con-  f 


jduetors  have  enamel  insulation 


;  Pig,  -5-42.  Type  2* 6/9. 4  combination  cable; 

•  I 

;  A)  2 *6/5.4  coaxial  pair.-  "j 

!  .  ‘  '  f 

^  .  x 

'  ■  > ...  .  -  ‘  I 

Each  symmetric  group  Is  covered  with  paper  tape,  | 

;  •  ! 

!  The  twisted  cable  is  covered  with  2-3  layers  of  paper  and  | 


placed  in 


a  lead  sheath. 


Tiie  surface  of  the  .  zinc  sheath  is 


covered  with  2-3  layers  of  paper  and  a  layer  of  hemp  1m-  ! 

..  i 

pregnated  with  an  asphalt  compound.  .  | 

The  cable  is  armored  with  two  steel  tapes*  0.5  mm  I 


•ick  each.  A  layer  of  hemp,  Impregnated  with  a  bituminous  | 
I  i 

{compound  and.  bearing  a  chalk  solution,  covered  the  surface  * 

jof  the  armoring.  The  factory  shipping  length  of  the  cable 

fis  ’425  m.  I 

I  '  | 

|  Table  5-5"  gives  the  electrical  paraiteteru  of  the  f 

l’  r 

I  ; 

{>-.6/9.4  'Coaxial  pairs.  An  over -all  view  of  the  cable  is 

f  : 

{given  in  Fig.  5-43.  { 

j  l 

j  Tno  diametrically  opposite  coaxial  pairs  serve  for  f 

l  { 

{setting  up;  660  comm unlcat ions  channels  with  a.  frequency  { 

I 

ranging  from  60  cps  to  3000  cps.  The  cable  is  used  in  the 


. .  | 

:her  two*  coaxial  palr:js 


f four-wire  communications  evstem.  The  ot 

f 

I  are  intended  for  television  transmission  and  have  a  pass 

f  f  ? 

I  band  of  from  60  cps  to  8*10^  cps,  The  repeater  stations  are! 
9-12  mm  apart.*  •  ! 


*  As  In  original  -  Translator  * g  no te , 


The  high  frequency  balanced  ouada  are  multiplexed  1 


>  f 


I* using  frequencies  ranging  up  to  60,000  cpsj  they  serve  to 
set  up  a  twelve  channel  link  between  intermediate  points 
{along  the  trunk. 


Pype  5/I8  Combination  Coaxial  Cable 
(Figs.  5-40  and  5-44) 


The  cable  consists  of  a  single  coaxial  pair,  lo-  j 


dated  at  the  center,  and  one  layer  of  26  symmetric  circuits! 


30? 


**. ;tr«V/fW,!  «*»/»*'* .i JW'^. 


I  •  Fig.  5-44  shows  the  structure  of  a  27-d  cable  (the 

humber  27  shows  the  total  number' of  -pairs  in  the  cable). 


/  •  x/rvxV 

.  s0tBLP  jniftsSs. 


0*  WrTHtt  &tmt>mudi$t8 


.  t-  <ifM  -rr  i> « atf-  ** 


as  I 


tow 


1  \r  •  4^ 

'O  )!pM|i 

jjjjjjm 
Nssmji# 


Jau*  (mS  cetim;&00- 
JoaHcmmu#  © 


Qj  mps  (AI~1,Bmm}(F) 

(J)  yemsrpm  Mesdea  (Cu-fjMM  if  0  mm} 
(] f)  mn&ipw  Jltl  (aI~V$mm.)  (JJJ 


Fig.  5-44.  The  27-d  type  (5/l8)  combination 
coaxial  cable.  A)  Inner  conductor  — ■  copper¬ 
'd  lame  ter  55  B)  return  conductor  —  copper  in¬ 
side  diameter  18,  thickness  0.35 :  C)  "frek- 
venta-bead  insulation;  I>)  38.5  (under  the 
lead);  E)  symbols;  F)  pair  (Al  —  1.8  mm); 

G)  spiral  quad  (Cu  —  1.2  mm  and  1.4  iron); 

H)  double  pair  quad  (A1  —  1.15  nan). 


The  dimensional  ratio  of  the  coaxial  pair  is  d/D  ~ 
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f* 5/18.  She  conductors  are  copper.  She'  insulation  is  made  | 
p  of  .frekveivta  beads*  .3  mm  thick,  spaced.  60  mm  apart.  The  j 

puter  conductor  is  of  the  tubular  type.  Two,  pair's  and  twelve 

|  .  * 
touaas  are  located  in  the  layer*-  ;j 

|  For  radiobroadcasting*  pairs  with  aluminum  conduc-  \ 

|  '  *• 

itors,  1*8  am  in  diameter* • are  used.  Six  spiral  quads  with  I 

I  '  '  '  .  1 

•  jcopper  conductors*  1.2 .am  in  diameter  (Nos.  1*.  2,  6*  7*.  3.1,j 
;  jand  '12)  are  used  for  twelve  channel  carrier  multiplexing '•  f 

if  ’  fff  *t 

with  a  frequency  spectrum  of  up  to  60,000  cos.  Two  similar  | 

I  .  .  '  '  .1 

Jquads  with  copper  conductors  1.4  mm  in  'diameter  (Nos;.  4  and? 

■  1 

.9)*  in  the  coil -loaded  form*  are  used  in  a  three-channel'  J 

I  .  '  f- 

{multiplexed  system.  Pour  two  •  -pair  quads  have  aluminum  con-|" 

due  tors,  1.15  'am.  in  diameter  (Nos.  3*5/8*  and  10),  are  I 

$ 

lightly  coil-loaded*  and  carry  a  single  carrier  channel . 

•  , The  •shielding  and  armoring  of  the  cable  is  standard! 
The  outside '  diameter  is  52  mm;  The-  cable  weighs  6*600  kg 
jper  km;  'The  factory  shipping  length  is  425  m.  J 

•  t 

The  combining  of  a  large  number  of  groups  differing! 
in  structure  into  a • single  cable  makes  it  possible  to  use  j 
various  types  of  multiplexing  equipment  j  this'. increases  the[ 
flexibility  of  the  cable  in  service . '  • 

[The  transmission  span  for  the  various  systems  of  : 
ommunlcatlons  used 'in  this  combination  cable  differ  (17*5 
m*  35  km,  70. k n,  and  140  km),  I 
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•able  5-13.  Structural  Data  for  Large  Combination  Cable,  ■■ 

I  "  .  j 

pype  5/18.,  A)  Type  of  cable;  B)  inner  conductor;  C)  insula- j 
-Ion;  D)  outer  conductor;  E)  stinictureJT) 'TneVde  diameter,  ; 

i  ,  ! 

(ran;  G)  thickness  of  lead  sheath,  ran?)  It)  diameter  under  lead.| 

jur.)  1)  armoring;  0)  outride  diameter  of  cable,  am)  K)'  copper; 
\  : 
(l)  aluminum;  K)  frekventa  beads;  K)  frame  of  e tyro flex  epi-( 

pal  and  tape;  0)  copper  tube )  V)  copper  half  tube;  Q)  alu-  \ 

iiaimim,  tube;  R)  aluminum  half  tube;  S)  flat  wire  and  jute;  : 

§  ■  V  i 

|t)  the  same.  '  •  i 


Table  5-14.  Basic  Characteristics  of  the  Symmetric  Circuit  i 
for  Large  Type  (5/18)  Combination  Cables.  A)  Typo  of  cable; j 

t 

B)  radiobroadcasting  circuit;  C)  non-coil -loaded  high  fre-  | 

fr  i 

quenoy  circuits;  D)  quad  structure;  E)  type  of  .lay;  F)  num-| 

j 

her  of  links;  G)  communications  span,  km;  K)  coil-loaded  \ 
circuits;  I)  quad  structure ;  J)  type  of  lay-up;  X)  coil-  j 
loading  system;  L)  number  of  links;  K)  corammJ  cations  span,j 
km;  N)  medium;  0)  very  light)  l)  light;  Q)  .Note .  A  —  alumi-j 
nuia,  M  -*  copper .  I 


»*«WAiVw»:<kw«! 


t: 

l 


In  addition  to  the  27-d  type  cable,  cables  des-ic- 


jnated  27~a>  27 -b,  27 -e,  27-f,  and  27-zh  are  in  use.  They  ! 

retire  sent  structural  modifications  and  are  used  in  the  same, 

■  *  ,J  ' 

(fashion  as  sthe  27-d  cable .  Cables  5-1.3  and  5~l4  .‘give  •  the-  \ 

?  § 

[structural  data  for-  coaxial  ‘and •  symmetric  circuits  of  cables 

I  ..  \ 

(of  these  types.  ; 

i  In  multiplexing  the  5/1.8  coaxial  pair,  a  90  to  690  f 

!  ;  _  •  4 

jicc  bandwidth  is  used  to  obtain  200  telephone,  channels  and  a* 

1 1-10^  to  4*10^  cps  bandwidth  for  television  transmission,  ■■ 

i  "  ■  .  - 

I  The  distance  between  repeater  points  for  the  telephone  llnkj 
I  is  35  lan,  and  for  the  television  link,  17.5  km-.  Two  separate 
combination  cables  are  laid  for  the  forward  and  return  dl~  |' 

rectlons  of  transmission^ • they  follow  the  same  route . 

|  I 

|  There  is  a  type  of  5/18  coaxial  combination,  cable  f 

j which  Combines  two  -coaxial  pairs  and  a  corresponding  number* 

l  *  1 

si  A 

I  of  symmetric  circuits  under  a  common  lead  sheath.  With  sue 9 

I  ‘  ■  •  * 

fa  cable,  it  is  possible  to  set  up  a  single-cable  system  of -I 
!  '  '  '  .  •  .  ■  •  '  j 

communications  (Fig.  5-40&).  "  /  \ 


Type  1.53/6,7  Combination  Coaxial  Cable 
Type  1.83/6,7  combination.- cables  exist  having  two 

I  . 

| four,  six,  and  even  eight  .coaxial  pairs,  within  a  single 


Head  sheath.  .  '  •  -  I 

■I 

The  structure  of  a  four*-* coaxial  combination  cable  I 
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kith  four  coaxial  pairs  it  a3  follows:  the  dimensional  ratiq 

f 

•of  the  coaxial  pair  is  I.83/6.7. 


The  insulation  consists  of  ebonite  or  polyethylene 

}. 

i  . 

(beads,  1.6  and  1.78  mm  thick,  respectively.  The  beads  are  } 

!  ■  '  j 

[about  20  mm  apart.  ■ 

I  | 

|  The  outer  conductor  .has  a  single  "zipper" -type  seam! 

‘The  coaxial  pair  la  shielded  with  two  steel  tapes,  .  \ 

\  I 

‘  In  the  center  of  the  cable  there  Is  a  symmetric  ! 

j  | 

| quad  for  signalling,  having  copper  conductors  C.64  mm  in  { 

I  < 

{diameter  (for  signalling).  In  the  empty  space  between  the  1 

I  I 

{coaxial  pairs  there  are  four  combination  quads  (for  service' 

! communications  along  the  cable  run),  in  which  two  of  the  j 

I  \ 

) diagonally  located  pairs  have  conductors  0.$>1  mm  in  diam-  \ 

f  '  • '  } 

jefcer,  and  the  other  two  have  0.64  mm  diameter  conductors,  f 


jin  the  outer  layer  there  are  18  symmetric  quads  with  C.91 
[iran  diameter  conductors.  'These  circuits  carry  a  12-channel 

f 

t. 

\  system  of  carrier  telephony.  The  symmetric  circuits  are 
air-paper  insulated.  Two  diametrically  opposite  coaxial 
pairs  serve  to  carry  480  telephone  conversations  with  a 


t 

* 

i 


i 

i 

l 

{ 

; 

i 


l frequency  range  of  from  64  to  2064  cpe •  The  other  two  pairrf 

I  i 

[are  used  for  television  transmission,  J 

j  '  j 

j  The  distance  between  repeaters  is  8.5  km.  Attended  j 

t  | 

{repeater  points  are  set  up  every  80-100  km.  f 

|  '  ' '  | 

\  Fig.  5-45  shows  a  combination  coaxial  cable  con-  \ 
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\  •  Fig*  5-45#  Type  1* 8*3/6 *7  small  coaxial 

I 

|  .  combination  cable.  A)  Lead  sheath;  B)  .quads* 

I  T  - 

.{  C)  jute;  D)  coaxial  pairs  —  1  *87/6*7’ f  E‘) 

f 

*  ••  signalling  pair?  F)  serrlco-conraunicatlona 

J 

|  •  pa  it-. 

j  ’ 

i 

‘slating  of  six  coaxial  pairs  and  a  corresponding  number  o*f 
j 

(symmetric  quads.  The  structure  and  technical  data  of  basic 
\ 

f  type  &  of  combination  cables  are  given  in  Tables  5-1  f>  and 
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5-12.  KOKUNIFOHMl'TISS  IN  COAXIAL  CABLES 
Owing  to  structure!  and  production  variations,, 
the  dimensions  of  the  conductors  and  dielectric  of  the 
cable  are  not  entirely  uniform  along  the  length  of  the 


f  cable 


These  internal  non  uniformities  have  an  effee 


upon .  the  parameters  of  the  cable  ,  since  the  .coaxial  cir¬ 
cuit  c eases  to  be  uniform  along  its  entire  length.  The 
e.ffec tly  chiefly  shows  up  in  wave  impedance  of  the  cable,  \ 
the  magnitude  of  which  differs  fror  the  nominal  value  in  ; 
sections-  containing  nonunif ormi ties .  ‘  ] 

TABLE  5-15.'  j 

> 

Structural  data  for  trunk  coaxial  cables,  a)  type  of  cables: 

*  | 

By  inner  conductor,  mm;  C)  copper;  D)  outer  conductor:  E)  f 
con st. ruction;  P)  inside  diameter.,  mm;  G)  "Mclniya"  C'sip- 

t 

per")  copper;  H.)  overlapping  copper  half  cubes;  l)  copper .j 

< 

12  Z- shaped  strips;  j)  insulation;  K)  polyethylene  beads  J 
(il  *  2.2  mm);  L)  shell  foamed  of  s  tyro  flex  -  spirals  and  ! 
cords;  M)  beads  of. ebonite  and  polyethylene  (1.6—1, 78  nun)!; 

N)  Kotopa  cord;  0)  super-’cotopa  cord  and  ebonite  beads;  f 
1 )  number  of  coaxial  pairs;  Q)  number  of  symmetric  groups; 

i 

R)  26  synatetric  pairs.  j 


L 
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Basic  technical  data  and  multiplexing  systems  ioi-  trunk-  ' | 
■line  coaxial  cables.  A)  type  of  cable;  B)  telephony;  C)  j 
number  of  channels;  B)  frequency  range.  Me;  S)  up  to;  j 
B!)  "television  range,  Kc;  Cl)  up  to  6,0  (black  and  white);  j 
up  to  8.0  (color)  j  H)  distance  between  repeater  points,  tan,; 
l)  35>  telephone;  1  television;  couuauni cation s  j 
system;  K)  single  cable?  L)  two-cablc;  M)  wave  impedance,  | 

'  .v 

olras;  N)  capacitance,  mill  1  micro  farads  Am;  o)  attenuation! 
at  1  Me,  nepers  Am;  F)  television  circuits;  Q)  separate;  | 
H)  combined  with  telephone  circuits. \  | 
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|  As  a  result,-  as  an  o i e c trema .ane tl c  rave  m'coaratee* 

i 

l  the  cable.  It.  encounters  a  nonuni forma tv  .In  i  up.  path < 

j  .  ‘ 

|  Is  partially  reflected  by  It,  and.  a  portion  of  it  is  re- 

i  j 

!  turned  to  the  beginning  of  the  line.  vfher.  there  arc  eev-  { 


(  cpb.1  non  uni  form,  sections,  the  wave  undergoes  a  series  of 


[  partial  reflections,  and,  circulating  along  the  line  ; 

(  causes  additional  attenuation  end  distortion  of  the  circuit 


c  ha  re  eta  r i s  t i « t . 


|  The  nonuniformities  in  the  cable  lead  to  the  appear 

I  ‘j 

|  ance  of  two  further  energy  flows;  l)  a  flow  of  reflected  \ 

f  *  "■  .  4 

i  energy,  consisting  of  the  sum  of  the  elementary  reflection** 
!  .  f 

j  at  the  sites  of  nontmlf  amities,  moving  toward  the  beginning 


n 


the  line;  2)  a  forward  energy  flow,  arising  on  account  j 

* 

of  double  reflections  and  moving  toward  the-  end  of  the  » 

f 

lire  together  with  the  basic  energy  transmitted  alor  “  I 

j  •  "J  \ 

J  the  cable.  The  forward  current  arises  as  the  original  j 
j  reflected  waves,  moving  toward  the  beginning  of  the  line,  j 
}  encounter  points  of  non  uni  fortuity  and  are  partially  re-  j 
|  fleeted  toward  the  end  of  the  lino.  \ 

\  j 

|  The  flow  of  reflected  energy  causes  variations  s 

!  i 

I  In  the  input  impedance  of  the  cable,  z.  .  The  mag- 
!  jU  f 

|  nitude  of  the  input  Impedance  varies  and  ripple  occurs..  j 


|  This  makes  it  difficult  to  match  the  cable  to  the  equip-  | 


fi 

raent  at  the  ends  of  the  line  and  leads  to  distortion  in  I 


t  •; 

j  the  transmission  circuit*  j 

j  The  forward  current, propagated  together  with  the  f 

|  basic  current,  arrives  at  the  receiver,  distorts  the 
j  snape  ot  the  transmitted  signal,  and  also  causes  noise  in  j 

|  transmission,  It  has  an  especially  unfavorable  effect  f 

£  .  ; 

|  on  the  quality  of  a  television  transmission,  where  the  t 

|  £ 

j  Phafle  relationship  of  the  transmitted  and  received  sig-  \ 
i  I 

|  nals  is  a. critical  factor*  .  j 

I  5 

|  ■  .  1 

i  h&3  been  established  experimentally  that;  in  f 

I  order  to  carry  out  normal  transmission  of  television  I 

j  ■  •  >  | 

j  siShnls,  uhe  value  of  the  forward  current  must  not  amount  | 

}  to  more  than  1%  of  the  basic  current,  j 

I  ■  | 

|  A  very  important  requirement. for  television  is  I 

i  y  ■  L  j 

j  the  absence  of  amplitude  distortion  in  the  transmission  .j 

j  circuit,  and  it  is  of  primary  importance  to  try  to  keen  j 

!  „  .  -  I 

I  z,„;.  constant*  ■  •  I 

f  _LU  '  ■  -  I 

|  Figure  5-46  gives  the  typical  frequency  dependence? 

|  of  the  Input  impedance  z  of  a  type  5/18  coaxial  cable.  \ 

[  The  vaiue  of  -  fluctuates  with  respect  to  the  value  of  | 

j  the  wave  impedance  of  the  cable,  z.  f 

|  | 

|  The  wave  impedance  of  a  coaxial  cable  is  determined 

j  in  accordance  with  formula  (5-15),  and  consequently  de~  j 

|  pends  upon  the  three  factors  b,  D,  and  £ .  I 

]  ■  I 

Keeping  in  mind  that  the  non uniformity  of  these  J 
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r 

valuer,  A&s  Alh  and  a£  ,  la  comparatively  slight.,  the  | 


deviation  of  the  wave  Impedance  from  the  average  value 
(ripple)  may  be  expressed  by  the  formula 


1 in  f  5-55 


where 


60  .1/) 
vf"  ® 


J>£,, 


la  the  deviation  of  a  due  to  j 

r  ! 

nonuni  fonrity  of  tne  outer  '  ; 


Tor 


|  coaxial  cable- as  a  function  of 

f  • 

|  frequency,  a)  ohsusj  B)  z  j  c)  • 

|  -*+  *'“**'■  "ifS  "*‘  **  ••"■•«/ 

!  .  Me.  • 

r  ,  * 

|  In  practice,  the  ripple  42  is  assumed  to  ba  de-  \ 

I  <  y 

{  termined  not  in  absolute  tantty ,  but-  relative  to  the  value  i 
1  .  .  { 

of  the  wave  .impedance  of  the  cable,  •  ,  i.e.,  ? 


As 

jr 


ft  -M>  ! 


A* 


If  ~  J>-\  z 

sr  ^ 


Id 

If 


in 


/> 


•K. 

i 


■As 

of 


I  Investigation a-  have  shown  that ■ the  greatest  pro-  f 

blems  are  connected  with -variation  in  the  diameter  and  j 

thi cknees  of  the  outer  conductor.- '  A ■ considerable  part  is  f 

\ 

|  aleo  played  by  nonuniformity  along  the  cable  owing  to  all  j 
|  the  possible  indentations,  overlaps, .  and  other  departures-  j 

from  the  shape  of  an  Ideal  hollow'  cylinder  caused  by  .-  I 

f  I 

|  Manufacturing  conditions'  and  the  requirements’*  for  cable  ! 

|  flexibility.  1 

f  .  .  •  •  j 

j  The  inner  conductor  of  the  cable  is  manufactured  j 

-  j 

|  fairly  accurately.,; and  contributes  little  to  the’ 'ripple.  I 


| 

1 

I 
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Fig*  5~47a*  A)  ripple  owing  to  non¬ 
uniformity  of  outer  .conductor;  B) 
ripple  owing  to  non uniformity  of 


yittm*tow‘ihvj«'.f» 


dielectric. 
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Variation  iri  the  magnitude  of  the  resultant  di¬ 
electric  constant,  associated  primarily  with  changing, 
volume  of  the  so 3 Id  dielectric  along  the  length  c>f  the 
cable,  also  has  e  con cl durable  effect  on  the  parameters 
of  the  cable jf  thus  in  many  respects  the  value  of  /.z.-, 

f- 

is  determined  by  the  type  and  structure l  fora  of  the 
insulation  ( beads. »  spiral,  cord,  continuous  innu3.at.ion, 
etc.).  Figures  5~>V{e,  and  f>-47b  give  relative  values  of 
ripple  for  two  types  of  cable  owing  tc  nonuniformity  of 
the  outer  conductor,  4 z'z  and  of  the  dielectric,  A 

-  *  'y  c>*  - 

*• 

Iti  the  first  cable,  which  hao  the  common  styro- 
f lex  type  of  insulation,  the  outer  conductor  1b  .made  of 
copper  tape,  while  in  the  second  cable,  having  s.tyroflex- 
shell  insulation,  the  outer  conductor  is  of  the  tubular 
type. 

It  Is  clear  from  the  figure  that  the  second  cable 
has  greater  uniformity.  Its  ripple  does  not  exceed 
while  at  the  same  time  the  riopie  roaches  1$  in  the  first 
cable. 

The  mean -square  deviation  of  the  wave  impedance 
in  the  cable  is  /Hz7/€  -  0 .5+5?, 


and/ 


t; 

f 


while -in  the  second  cable  they 


■«y«i>,ur>  -ttcwMr- .  *w-nar  - 


3^9 


■  .:w4  >ity*a)is®iSS/i5«.?rj 


are,  respectively,  0*025$  and  0.068* 


Theoretical  and  experimental  studies  of  coaxial- f 
cable  non uniformity  show  that  its  magnitude  and  nature 

may-  be  expressed  in  terms  of  the  so  called  n correlation  \ 

I 

distance”  r*  This  is  the  distance  at  which  neighboring 
non uniformities  cease  to  be  independent.  i 

■  i. 

| 

.With  the  aid.  of  the  theory  of  probabilities  a  ». 

* 

formula  may  be  obtained  which  makes  it.  possible  to  ea-  f 
tabliah  the  value  of  the  mean-square  variation  in  the  :  t 


|  wave  impedance  of  a  cable 


2^g  r  i  *  -  i 

=  ^  73r(7.~l  +  *  j,  (5_56)  j 

where  r  is  the  correlation  distance  (1-5  m  on  the  average)! 

| 

1_  is.  the  length  of  the  sections  of  cable,  mj  ] 

2  1 

is  the  mean  square  deviation  for  infinitely  smal$L 

i 

sections  at  r~  0  (the  limit  ease),  ’  jj 


Prom  Fig.  5 


where  we  give  the  mean— square 


|  -variation  "in  wave  impedance  for  various  lengths  of  cable  j 
j  and  differing  r,  it  follows  that  as  the  length  1  increase s|» 

f 

I  the  mean -square  variation  z  decreases,  and  the  less  the  | 

I  .  | 

|  correlation  distance  the  greater  the  value  of  the  varla-  1 

1  I 

|  tioi*  2.  The  more  frequently  points  of -non uniformity  occur  \ 

I  ~  j 

|  along  the  cable, -the  greater  the  ripple  of  the  cable,  I 
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Fig.  5-48.  Nonuni form! ties  In  &.  cable 
for  various  correlation  distances. 

The  v&ule  of  the  forward  current  may  be  computed 
using  the  following  formula? 


J* -***»#*+'**• 

kf 


&VZ  k:' 

•/fit  4 1:"- 


(5-$T) 


where  o.  is  the  phase  constant  j 
Pis  the  attenuation; 

L  is  the  length  of  the  transmission  path; 
r  is  the  correlation  distance. 

Forward  current  is  increased  by  a  frequency  rise 
by  an  increase  in  the  length  of  the  cable  link,  and  by 
an  increase  in  the  non'uni form! ty. 
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Fig.  5-49*  Interference  in  a  cable 
owing  to  nonunlforsnities  at  various 
correlation  distances. 

As  P  and  r  increase,  the  value  of  q  decreases  • 

(Fig.  5-49 )* 

Measurement  of  the  input  impedance  of  a  cable 

and.  a  study  of  its  ripple  may  disclose  mechanical  damage 

and.  defects  in  the  cable.  Experience  has  shown  that  a 

sharp  break  in  the  regular  course  of  the  curve  of  z1 

(a.  peak)  is.  connected  with  dents  in  the  cable  and  the 

j  point  at  which  they  are  located.  The  closer  to ' the  be- 
1  * 

i  ginning  of  the  line  that  a  deformation  is  located,  the 
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greater.. Its  effect  on  the  graph  of  the  input  impedance,  f 

r 

It  is  interesting  to  note,  that  dents  not  exceed-  . 
xn£  SO  cnn  in  length  have  very  little  effect  on ( the  chnracto 

ictic  z^f  provided  that  there  are  not  more  than  .  3 _ 4  •  [ 

of  them  per  factory  shipping'  length. 

Cables  having  a  large  number  of  small  1  deformations; 
as  wall  as  those  with  dents  of  great  length,  have  com¬ 
pletely  unsatisfactory  electrical  characteristics,  I 

Repeated  comparison  tests  of  cables'  with  beads  : 
and  with  styroflex  spiral  cord  insulation  shows  that  the  l 

former  are  more  uniform  and  that  their  characteristics  '  ! 

j 

are  more  constant.  The  results  of  measurements  of  non-  a 

\ 

’  ►  H 

uniformity  for  different  types  of  cables  are  given  in 
Table  5-17,  j 

TABLE  5-17,  j 

I 

Results  of  measurements  of  nonuniformitv  in  cables  •  ! 

having  bead  and  spiral -cord  insulation.  /.)  type  of  .  | 

i 

cablei  B)  insulation!  C)  maximum  values  of  Av/z>%  |- 

T>)  average  values  of  %  5  E)  factory  ship-  'j  ' 

ping  length,  in;  P)  •’Frekventa"  beads  j  a)  polyethylene  j 
beads!  H)  styroflex  cord;  l)  "Frekventa"  beads;  J)  styitn 


'lex  cord. 
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**or  coaxial -cable-  communications,  it  is  nec- 
|  oo  consider,  in  addi  tion  to  the  internal  nonuni  for—! 

I  mlties>  the  nonuniformities  at  Joints  as  well,  which  are  1 

!  •  ••  i 

j  caused  by  variations  in  the  characteristics  of  the  factory! 
j  lengths  which  are  fcfeing  Joined,  •} 

d.iix ereiit  coaxial  cables  there  aw  f np  * 

I  •"■' . "°  I 

i  relationships  between  the  Joint  (z <)  and  internal  (z,  ,}  1 
nonuniformities.  It  has  been  established  experimentally  j 

4 

'chat  in  new  cables  the  nonuniforraities  at  Joints,  as  a  rulfe, 

1 

°  ^  L  ^  ^  ^  ^ ^ J  ®  ^  ^  ® ^  1  ft  o "L  i  ft- ft  i  -■  o  nij  i  1 1 6  s  ^  an  c.  fell 0  Kistgn  i  t  u  d  0  j 
of  ^/zint  amounts  to  1 — 3  in  a  factory  shipping  length.  1 
Conversly,  in  deformed  cables,  the  internal  '  j 
j  uniformities  exceed  the  non  uniformities  at  Joints,  and  j 
I’Ant  •  0.01-0.1.  '  I 


In  order  to  make  the  electrial  characteristics 
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|  of  cc axial  trunks  mere  uniform,  the  factory  shipping 
!  lengths  of  cable  arc  specially  grouped  prior*  to  being 
j  laid.  They  are  so  grouped,  that  the  wave  impedance  in- 

t 

s  oreaees  from  the  beginning  of  the  repeater  section  to  its 

i* 

|  middle  and  drops  from  the  middle  of  the  section  to  its 
•  end.  This' ie  done  in.  each  a  manner  that  the  deviation 
!  of  wave  impedances  between  any  two  adjacent  sections  of 
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i 
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i 

i 
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t 

i 


does  not  exceed  0.2$, 


Fig.  5~!50.  Inner  curcuctor  of  a 
coaxi.al  cable  located,  eocentrl  celly , 
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Fig.  5-51*  Increase  of  attenuation  j 

i 

with  eccentric  location  of  inner  i 

h 

conductor.  A)  increase  of  attenuation t  j 

The  eccentricity  e  of  the  Inner  conductor  of  &  | 

'  ^  | 

coaxial  cable  relative  to.  the  outer'  conductor  (Fig.  5~50)  J 

I 

also  has  an  effect  upon  the  variation  in. the  input  imped-  I 


dance,  z.,  ,  and  attenuation,.  »8, 

The  ripple  in  a  coaxial  cable  owing  to  e.ccentrl 


i  Ity  is  computed  by  the  formula 


hz„  _  J#  J 
*"  ^  5w'i  ‘.~?  7T  * 

In  ~r 


(5-58) 


|  Where  e  is  the  eccentricity  of  the  inner  conductor  of  the  I 

“  | 

cable.  From  Fig,  5-51#  which  gives  the  percentage  in-  \ 

I'.  j 

|  crease  of  the  attenuation  of  a  coaxial  cable  owing  to  j 

|  1 

i  eccentricity,  it  follows  that  in  practice  the  eccentricity! 

I  i 

I  is  small  and  the  increase  in  attenuation . inconsiderable.  | 

|  The.  magnitude  of  the  nonuniformity  in  cable  lines  used  for| 


*3ipzhtr. 
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Ion  g-  dipt  an  ee  communications  is  regulated  by  the  recom¬ 
mendations  of  the  In fceiTafcional  Consultative  Committee . 

According  to  the  standards  of  the  International 
Consultative  Committee,  for  all  types-  of  coaxial  cade 
|  trunks  the  attenuation  of  a  nonunifotw! ty  must  be  not 
less  than  5  .nepers,  i„e.. 


1 00 
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This  means  that  the  coefficient  of  reflection,  x, 
may  not  exceed  0,65$.,  .  For  very  long  trunks,  the  attenu¬ 
ation  of  a  .non uniformity  is  taken  to  be  6  nepers,  corres¬ 
ponding  to  x  =  Q»25$. 

The  vaules  of  nonunlformity  may  be  made  somewhat 
more  specific  with  respect  to  various  types -of  cables. 

I  For  large  coaxial  cables  the  following  requirements  exist 
A)  A  joint  nonuniformity  for  any  two  adjacent 
!  factory  length  sections  of  cable  must  not  exceed  0.2$  at 


6 


10"  ops,  that  is.  If  z  •-  70  ohms,  than  the 
permissible  value  of  deviation  of  the  wave  impedance, 

4  z,  is  0.14  ohms  per  shipping  length  of  cable ; 

E)  The  fluctuation  of  wave  impedance  of  the  cable 
over  a  repeater  section  for  the  frequency  band  used  must 
not  exceed  plus  or  minus  4$  =  +2.8  ohms). 


For  small  coaxial  cables  the  following  nonuni for- 
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standards  have  been  established! 


A)  flie  wave-,  impedance  of  a  shipping  length  of 
|  cable  must  lie  within  the  limits  z  *  75-1  ’+  C«2  ohms; 

I  B)  The  mean  square  difference  between  the  of 

f  any  coaxial  pair  and  the  -average  value  of  z  for  all  the 


|  shipping  lengths  sections  of  cable  must  not  exceed-  0*2#* 

f  , 

t  0)  The  mean  squared  differences*'  for  z,  measured 

!  •  ■  -  .  .  •  ■ 

|  from  both  ends'  of  thy  coaxial  pairs  with  respect  to  the 

f  average  z  of  all  the  shipping  lengths  of  cable  must  hot 

f  exceed  0*7$* 

I  ■ 

!  In  order  to  meet  these  standards  the  following 

requirements  are  placed  upon  the  outer  conductor  and 
Insulation  of . a "small  coaxial  cables  j 

A.)  The  permissibly  variation  'in  thickness  of  the  } 


outer  conductor  of  the  cable  shall  not  -exceed ’0*5+  6*05  man 

—  .  -  j- 

i 

B)  The  thickness  of  the  Insulating  beads  shall  '  j 

■  *■-  f 

not  deviate  from  the  nominal , value  by  more  than  ±  0*05iwJ 

.  r  ",i 

For  1*6-5®!  thick  beads,  the  tolerance  is  '+  3*1$.-  j 

At  present,  the  investigation  of. -nonunif  ormities  I 

-  .  I 

in  coaxial  cables  is  carried  cut  mainly  by  the  pulse  method, 

using  very  sensitive  pulse-  instruments.  The  instrument  j 
permits  observation  on  its  -screen  of  the  degree  of  non-  j 

V 

uniformity  of  wave,  impedance  for  a  cable  along  its.  length,! 
and  also  permits .establishment  of  the  site  and  nature 
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of  a  cable  defect, 

5-13.  STANDARDS  OF  BE  INTERNATIONAL  CONSTJLTITIVE 
COMMITTEE  PGR  TRUNK -TIPS  COAXIAL- GABLES. 

The  International  Cousultltive  Committee  on 
Telephony  In  1946  adopted.  In  part,  the  following  recor/anen 
datlons  for  trunk  coaxial  cables, 

1.  Type  of  coaxial  pairs. 

Diameter  of  Inner  conductor  2,6  mm 
Inner  diameter  of  outer  conductor  9*4  mm. 

Thickness  of  outer  conductor  0.25  Jfoa. 

Inner  and  outer  conductors  to  be  made  of  copper-. 
The  surface  of  the  coaxial  pair  to  be  covered  by 
a  shield  in'  the  form  of  spirals  of  two  'steel  tapes. 

.  2,  The  cable  should  effectively  transmit  a  fre¬ 
quency'  band  ranging  from  60  kc  to  2,540  kc.  The  monitor-, 
lng  frequency  is  2,852  kc* 

3.  The  attenuation  per  kilometer  at  a  frequency 
of  2,500  kc  and  15°  C  should  not  exceed  0.47 nepers. 


|  Th 


The  distance  between  repeater  points  is  9*7  km  for  a 


transmission  frequency  of  2,5J*0  kc, 

r, 

f 

4,  The  wave  Impedance  of  the  cable  is  75  ohms  at  | 

*  e 

a  frequency  of  1  Me,  \ 

<  ‘  ; 

i 

5,  The  interference  resistance  at  the  transmitting! 
end  between  two  coaxial  pairs  of  the  cable  shall  be  not  j 


a;-c 


a  N  1,1  ■'  -*'*■  '  •■■ijfotw*'  •  twf  w,  >. ‘.ibfM isf -  Sif, ¥»•:•■  :  r 

:  .....  . 

2  tl^an  9*  o  nepers  over  the  entire  effectively  t rah  flatted 

|  ■  \ 

|  frequency  spectrum.  This  ia  defined  at  zevo  absolute  •  : 

* 

>/ 

l  power  level  at  the  input  of  the  ciroui ts  (both  for  the 
j  disturbing  and  for  the  disturbed  circuits). 

At  h  frequency  of  2  Me,  the  average  value  of 

|  5 

j  wav@  impedance  of  all  coaxial  pair 3  must  lie  within  the  i 

|  ■  [. 

s  74,9  to .75.3  ohm  range.  The  mean  square  difference  be tweet 

;  j 

l  the  value  of  wave  impedance  of  a  coaxial  pair  and  the  I 

i  ■  ! 

;  average  lor  the  remaining  pairs  shall  not  exceed  Cu2$*  ! 

I  -i 

>  • 

f  •?.  The  Insulation  must  be  subjected,  to  a,  2,000  y  j 


f  5 


0 -cycle  voltage  applied  between  the  Inner  and  outer 


j  conductors  of  the  cable.  Each  factory  shipping  length  of  j 


I  cable  must  be  tested. 


|  o<  Tne  real s ten ce  of  the. insulation  between  the  j 

j  *  • 

s  '  | 

I  loner  and  outer  conductors  most  not  be  less  than  5,000  I 

i 

I  megohm  per  ton.  after  the  application  of  not'  less  than  500  < 

j  j 

I  v  for  1  rain  at  a  temperature . not  below  10°  0,  j 


i  5-14.  TRUNK-CABLE  POWER  SUPPLY  j 

f  .  j 

!  .  lh  modern  carrier  systems  for  multiplexing  trunk 

!  i 

|  cables  the  length  of  a  repeater  section  is  only  10 — 20  km  j 

I  on  coaxial  circuits  ana.  30- -40  km  on  ' symmetric  circuits,  j 

|  Tnis  makes  It  necessary  to  install  repeater  points  (up)  f 

t  I 

i  every  10“ — 20  km  along  the  cable*  I 

t  ■  •  '  "■  ■  | 

Technical  and  economic  considerations  make  it  S 
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desirable  to  have  two  typos  of  repeater  points* 

a)  Attended  repeater  poirte  (OUP)  having  the 

\ 

•  appropriate  operating  and  technical  personnel,  located 

l 

t  | 

|  every  JO — ICO  km  alone  che  trunk  lino  and  j 

*  ! 

b)  Unattended  repeater  points  (NU?)#  operating 

f. 

!  automatically  without  attendant  personnels  these  points  i 

;  i 

!  are  1 oca tea  10 — 20  km  apart ,  i 

! 

s  Figure  5-52  show a  one  of  the  various  systems  for  J 

I  J  ( 

j'  locating  repeater  points,  types  OUP  and  NUP, along  a  cable  ! 

|  trunk  using  combination  •  coaxial  ca'ole,  type  2, 6/9.4.  j 

jj  •  ,  j 

;  Here  the  attended  repeater  points  are  located  | 

!  BO  toft  apart,  while  the  unattended  repeater  points  for  f 

i  I 

the  coaxial  cable  are  placed  10  km  ao&rt.  i 

j 

I  A  prooletr.  which  is  extremely  important  for  cable  I 

j  ’  i 

l  links  X&  the  question  of  the  power-  supply  for  the  un "  | 

{  '  j 

|  attended  repeater  points  (HUP) .  „  j 
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Fig.  5-52.  Power  supply  system  for  j 

a  trunk  cable .  a)  carrier  communication  * 

*  .  ‘j 

u 


^  i 


f  ,  f 

j  system) j  b)  Tel sphere  and  television  ! 

?  ! 

t  i' 

!  transmission  over  coaxial  .pair,  type  ’ 

I  2*b/9,k}  c)  radio  broadcasting  (lightly 

I  $ 

|  coil-loaded  system,  L«,  -  12  mb,  S  *  1*7  ■! 

f  ,  O  “  '  * 

*  %  *  f  *  j| 

|  Ion,  j  d)  low  frequency  comm*  mi cation  (aver-  j 

|  coil -loaded  system,  L-,  -  100/70  iahj  j 

|  S  =  1*7  km).  A)  attended  repeater  point j  j 

|  B)  unattended  repeater '.point,  j 

J  f. 

j  There  are  three  possible  types  of  NOP  power  supply^ 

|  .  | 

j  Equipxng  the  NCJP  with  completely  automati c  J 

i  •  j 

i  power  plants  using  diesel,  turbine,  or  wind -powered  .in-  < 

I  '  '  ‘  '  | 

I  stai.iatton.sj  | 

!  2)  Supplying  the  ITTJP  from  the  GUP's  oyer-  a-  j 

I  ■;  5  |  - 

{  asperate  power  cable  laid  parallel  to  the ; communications  1 

j  cable  along  the  entire  trunk;  I 

|  I 

|  3)  A  system  of  supply  in  which  HTTP's  are  j 

I  supplied  from  the  nearest  QUP  over  current  carrying  con--  1 

I  .  v 

j  dusters  in  the  same  communications'  link,  the  so  called  ! 

|  I 

I  remote  power  supply  system.11  { 

f  .  '  ! 

|  J~n  comparing  the  NUP  power-supply  Systems  die-  '  l 

\  ■  ,  | 

j  ■ cribed,  it  should  be  noted  that  the  first  requires  com—  ! 

i  j 

j  P;lete  automation  of  all  the  NUP  power  installations,  .  | 

|  which  is  difficult  to  achieve  at  present,,  while  the  I 

I  •  .  | 

|  second  is  undesireable  from  an  economic  point  of  view. ’  1 
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>•  In  modern  installations  for  combination  coaxial-  j 

cable  lJ„nfcs,  the  remote  power- supply  system  has  come  into  * 

wide  use'  for  the  unattended  repeater  points.  . 

•  ( 

Lb  a  rule,  f?00 — 1,000-v  electrical  energy  is  sent  s 

1 

along  the  conductors  of  the  coaxial  cable  from  an  OUT  to  i 
the  neighboring  HUP  1  s .  f 

i 

i 

.Each  OIJP  serves  an  appropriate  number  of  HUP’ a  in  \ 

i 

both  directions ..  From  Fig,  2  it  may  be  seen  that  from  f 

t 

j 

one  GUP  power  is  supplied  to  7  NUP5s?  3  in  one  direction  ; 

'i 

and  4  in  the  ether.  { 


As  a  rule ,  *50 — 6C-eps  AC  is  used  to  supply  coaxial} 

_  ...  j 

trunks.  In  this  case,  the  advantages  of  AC  over  DC  are  I 

I 

as  follows t  '  ! 

.  ■  i 

1)  Simplicity  in  transforming  the  voltage  at  the  | 


HU 


)  Less  danger  of  cable  corrosion  (when  a  ground 


! 

return  system  is  used) :  | 

'I 

3)  Uncomplicated  regulation  of  voltage  at  the  HUP. S 


It#  WWl*  ' 


~i! 

y 


r’3 


IS** 
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Fig*  5-53*-  •  Electrical  power  supply 

i 

over  the  outer, and  inner  conductors 
.of  &  . coaxial  cable*  A).  $0  epej  B) 
O'iJPj  C)  NOT  supply;  B)  NOT* 

IhNHl - )  |  .  _____ 
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Fig*  5-54*  Electrical  power-supply  .  ! 

' 

along  the  circuit*  forward  direction- -inner  l 

‘  t 
<. 

and  outer  conductors  of  the  cable;  re-  | 
verse  direction* — lead  sheath  and  armoring 
of  the  cable*  A)  cable;  B)  50  ops;  (cont’d) 


SBtfKft  ?,  Rit(at£ian»wj  .tfWW-s*!  n  lppRiW£fitWt*irA#u:  Mu,*.-*****?.,  4Htor*w»*«*‘irc 


344 


t '  -m.su <**:W<r*  .*--  VM-i-rh'  »•  *w  ’ •:.**■&.  .«-  **.  .- ,-  inrv 

'i 

I'  ..  C)  OUPj  D)  K'lTp  supply;  £)  KITp.  j 

» 

I  ! 

}  The  drawbacks  to  AC  supply  are  the  appearance  of  j 

X 

f  some  Interference  on  the  coarmunicatj ons  circuit  and  the 

i  -■••■: 

|  necessity 'cf  providing  power -supply  filters  at  -  the  toJP*  i 

[  .  .  f 

l  However,  the  advantages  of  AC -power  supply  over-  •  i 

I  * 

j  shadow  the  disadvantages  ,  and  it  is  chosen  in  preference 
j  to  DC,  l 

i  "  i 

|  There  are  four  ways  of  setting  up  remote  power  * 

f  -  i 

f  supply  over  a  coaxial  cable. 

f  ■* 

|  I*  The  electrical  energy  is  transmitted  over  the 

!  inner  and  outer  conductors  of  the  coaxial  pair  (Fig,  5~53):. 
t  '  i 

In  this  ease  power  is  supplied  over  the  same  f 

"i 

coaxial  circuit  which  carries  communications  signals, 

arid  it  .is  possible  that  considerable  interference  will  j 

arise  when  heavy  currents  are  used.  Also,  in  this  case,  ! 

there  will  be  considerable  energy  losses  in  the  conductors;, 

since  the  circuit  has  a  rather  high  resistance,  j 

II.  Power  car.  also  be  supplied  over  the  circuit  .  I 

*  ' 

which  formed  by  using  the  Inner  and  outer  conductors  \ 

i  ’ 

of  a  coaxial  cable  connected  in  parallel  as  the  .outgoing  \ 

H  ./  i 

ootiduc  cor,  and.  the  lead  sheath  and  armoring!  as  the  re¬ 
turn  conductor  (Pig  5-5-4}  *  . 


yj/tHkft  a*i»i  ******  am1' 


■?’ 

The  defects  in  method  IX  lor  supplying  electric  '  j 


\  power  are  the  large  resistance  of  the  return  conductor,  ! 

?  .  i 

j" the  dangerous  overvoltages  which  may  occur  if  the  armoring 

j  •  * 

|  at  the  joints  is  poorly  soldered  or  if.  rounding  is  not.  •• 

*  "  '  j1 

f  '  i 

satisfactory*  and  interference  of  the  power .  current  with  f 
■  the  communications  signals. 

i  III.  Electrical,  power  is  transmitted  to  the  NUP  by  | 

.  | 
i  using  two  parallel -connected  inner  conductors  as  the  for-  \ 

\  ward  conductor.,  arid  two  parallel -connected  outer  conductor? 

i*  .  ,  j? 

|  of  coaxial  cables  for  the  return  conductor  (Pig,  5“ 55 ) * 


Pig.  5-55.  Electrical  power  supply  using 
the  circuit:  forward  direction  •-  two 
parallel -connected,  inner  conductors;  re¬ 
turn  direction  —  two  parallel-connected 
outer  conductors. 


iw 
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Variant  III  is  batJnaily  f ne  ft\*m  tho  fault t,  wop 


jsessed  by  methods  I  and  IX  for*  supplying  KbP's;  here,  how- 

ft 

fever,  the  supply  circuit  utilizes  two  coaxial  pair".,  and  if 

f 

t 

(one  of  them  breaks  6o wn,  c owfiuni c at ions  over  both  pairs  vaLVl 


! be  in te rrup 1 3 d *  [ 

* 

j  t 

\  Kith,  the  four-wire  system  i.r  use  at  present,  in 

I 

|  which  the  forward  and  reverse  transsai  sslor.s  take  place  over* 

| separate  coaxial  pairs,  this  is  not  a  very  grave  fault,  • 

i  s 

I  5 

j  since  if  ore  pair  breads  down,  net uher  will  on  used  anyway «, 

t  { 

|  IV.  Electrical  power  is  supplied  to  the  NJP's  over  } 

(  circuits  In  which  two  Inner  conductors  of  coaxial  cable s  ] 

1  | 

j  are  connected  in  parallel  to  form  the  forward  conductor,  | 

|  while  .the  circuit  is  completed  through  a  ground  return  (PiJ, 

i  <! 

|  5~*5t>)»  Thi  s  method  is  similar  to  the  one  dust  desari  bed,  ! 

!  •  '  j 

!  except  that  in  this  case  the  reel  stance  of  the  r»cwo:-~sur»p3.t 

*  *  .  "  1 
|  circuit  is  considerably  less,  and  nearly  1,5  times  mere  [ 

t  ■ 

{  power  mny  be  transmitted  over  the  cable ,  f 

r  -  ! 

{  It  should  be  kent  in  mind  that  in  order'-  to  insure  | 

I  ? 

' power -supply  stability  it  is  necessary  to  carry  out  the  inf 

I  ? 

|  spallation  of  the  grounding  circuits  for  the  power  mipply  ! 

* 

I 

at  the  repeater  points  with  great  care.  | 

|  "  "  I 

When  the  power -supply  method  described  are  com-  < 

| 

spared  from  the  technical  and  economic  points  of  view,  > 


j variant  IV  appears  to  be  the  best  way  for  supplying  unat-  | 


j 


*i»7 
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<•  t 

| .  .'For  an  average  coaxial  cable,  typo  2. 6/9. 4,  with  •'[ 

I  f 

jtha  modern  degree  of  carrier  multiplexing,  it  is  necessary  f 

I  to  supply  the-  -equipment  of  a  single  NTJP  with  1200-1500  watts 

I  .  l 

I  of  power  at  800  v.  •  .}. 


i  Unattended- repeater  points  of  symmetric  carrier  ; 

t  f 

j  circuits  are  also  supplied  remotely.  As  a  rule,  220-v  energy 

i  ’  j 

|  is  transmitted  to  them  over  the  same  sy  mate  trie  circuits  as  \ 


|  are  used,  for  the  communications  signals,  \ 

| 

On  other  trunks,  the  following  methods  are  currant-*, 
ly  used,  to  supply  coaxial -cabie  KUP's,  ? 


For  small  type  1.83/6.7  cable  .having  four-  coaxial 
pairs,  the  NUP's  are  supplied  over  a  circuit  Which  uses 


the  four  .inner  conductors  of  the  coaxial  pair a  for  the  for 4 

I 

ward  conductor,  while  the  return  conductor  is  the’  ground,  j 

*  ^ 

800  watts  of  power  at  280-350  v  ere  transmitted  to  each  j 

i 

NUP,  60~cycle  AC  energy ' Is  transmitted.  Sach  0 UP  supplies  I 

4-5  NUP's  in  each  direction.  | 

\ 

On  this  type  of  trunk  (1.83/6.7),  the  mil's  held  j 

previously  been  supplied  -over  the  inner  conductors -of  -  the  j 
coaxial  pairs  without  using  the  grotihd  as  the  return  con--  j 
due  tor  *  | 

On  trunks  using  the  large  type  5/18  coaxial  cable,  j 


the  NliP'a  are  supplied  in  normal  operation  from  the  local  ! 

i 

mains.  In  case  of  a  breakdown  in  the  local  power  source,  f 


n  b*****.- ifAfe f*y 


i 

the  NuFv0  are.  supplied  remotely  over  the  coaxial  cable.  j 
'  "  .  '  ,  .  | 
|  In  order  to  supply  the  equipment  of  a  single  HTTP,  j 

I 2000  watts  of  single -phase  550-v  AC  power  is  required*  750  ! 

j  .  I 

| watts'  are  required  for  heating  and.  ventilation  of  an  NITP.  '•] 


i  5-15.  COAXIAL  SUBMARINE  CABLES  •  •  I 

t  .  ’  '  j 

|  --The  iwo st  important  requirement  associated  with  eub*| 

i  *  '  i 

l  marine  cable e  1b 'that  they  be  able  to  transmit  cornmunlca-  % 

i  *f  { 

|  •  •  .  | 
I  tlona  over  a  long  span,  .using' no  'intermediate'  repeaters/  .  I 

j  •  i 

f  or  a  minimum  number  of  them.  •  ' 

|  It  is  .clear  that  the  use  of  underwater  intermediate 

|  repeater  stations  involves  several  difficulties  when  cable  1 

|  trunks  are  constructed  and  operated.  f 

j  Contemporary  submarine  cables. must  be  -suitable  for| 

both  low  frequency . and  multichannel-  carrier  communications! 

I  .  -  ! 

I  over  long  distances.  ‘  i 

1  | 

|  ’The  specific  feature  of  submarine  communications  ( 

-  | 

I  cables  that  is  due  to  the . conditions  under  which  the  cable | 

|  ■  \ 

I  are  laid  and  operated  in  the  water,  is  the  high  moisture  l 

I  .  .  .  -I 

resistance  of  fne  'insulation  and  the  outer  covering  of  the! 

f  .  ^  \ 

|  cable.  The  stability  of  the  electrical  parameters 'of  the  j 

|  cable  must  remain  high  over  extended  periods  of  operation  I 

i  l 

f in  the  water. -The  mechanical  strength  of  the  cable  must  be! 

j  computed  on  the.  basis  of  the  various  water  currents  and.  I 


1  **  •  j *■»*■  v.* ■  •  s  -j+r  ■*<*'5*c  ■  ^Huhr-  ,.*<’»  u*  .w  .1. 

{pressures  at  different  depths.  £ 

I 

A  coastal  cable  must  have  a  specially  reinforced.  : 

*  ~ 

I 

(armoring.  It  must  resist  the  action  of  coastal  tides  and  , 

I  *  '  ■  ■  i 

f withstand  possible  Enochs  from  coastal  rocko,  anchors,  bookfe, 

j  ' 

[etc,  .  | 


■  1  The  development  of  submarine  cables  in  recent  years 

i 

1  •  ; 

\  has  taken  the  direction  of  inereaain#;  the  coimnunicationp  t 

i  i 

i  •:! 

j  span, • and  widening  the  transmitted  frequency  band,  since 

}  ’  ( 

{•the  first  under -water  communications  were  telegraphic,  and  | 

!  j 

!  It  has  only  been  since  the  twenties  that  cables  have  been  'i 


|  laid  -which  are  suitable  for  long  distance  telephony. 

|  The  setting  up  of  telephone  communication?.  -under 

i 

t  the  Atlantic,  and  Pacific  oceans  is  as  yet  an  unsolved 
f  • 

j  problem.  An  artificial  increase  in  the  inductance  of  the 
cable  circuits,  which  'increases  the  communications  span 

* 

over  a  submarine  cable  2-4  times,  permits  only  .telegraphic! 


transatlantic  communications , 


The  basic  drawback  to  submarine  cables  Is  their 
unsuitability  for  carrier  multiplexing.  ’ 

1  Kodern  requlrsraMts  for  settlns  up  hleh-fre<5Usncy  | 
i  J 

I  communications  under  large  expanses  of  water  are  met  most  i 


I.  fully  by  the  coaxial  cable.  However,  it  should  be  noted 


I  that  submarine  cable  trunks  are  multiplexed  over  a  fre-  | 

I  i 

( quency  band  not  exceeding  60-100  kc,  and  symmetric  cables  jj 


*■*,-•«**  m 
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.J#  ^ 

could  be  used,  for  this  purpose  with  no  leas  success. B:  Coax-  I 

1  . .,  i 

jial  cables,,  •  however i  consume  nearly  1.5  times  less  material 
ffchan  do  symmetric  cables,  to  say  nothing  of  the  possible 

j  > 

| increase  in  the  usable  frequency  range .  .  I 

;•  ■  The  first  marine  coaxial  cable,,  laid  in  1920-192:1,  ■ 

(had  aii  Inner  copper  conductor,  loaded  by  means  of  ferro- 
! magnetic  tape.  This  increased  the  span  of  communications 

\  .  t 

jover  the  cable,  but  at  the  same  time  limited  the  transmitted 

j  ; 

(frequency  spectrum  to  the  voice-frequency  range  (up  to  I 

!  i 

[3000  cpa).  '  ] 

■j  • 

•) 

Later,  as  requirements  rose  in-  a • number  of  links,  j 
i  artificial  increases  in  Inductance  were  discarded,  and  I 

?  *  l 

I  I 

(  standard  high-frequency  coaxial  cables  began  to  be  used.  { 

}  i 

(  In  view  of  the  isolation  of  underwater  cables,  and  I 


i  their  resistance  to  external  noise.  It  Is  permissible  to  I 

!  '  ‘  ; 
|  increase  the. power  of  the  transmitting  station  consider-  • 

i  '  » 

|  ably  for  underwater  coaxial  trunks,  and  also  to  use  a  ? 

S.  i' 

j  .  < 

|  lower  level  at  the  receiving  station.  As  a  result,  it  is  s 

I  i 

|  possible  to  increase  the  attenuation  over  the  span  of  an  j 

i  underwater  cable  trunk  up  to  10  nepers,  although  this  i 

{  : 

•|  value,  as  a  rule,  does  not  exceed  6  nqpers  for  undergrounds 

t  .  ; 


■  cable  trunks 

g 

| 

S 


.  This  makes  it  possible  to  carry  out  high-frequency 


|  communications  over  cables  having  repeater  points  1 50-250 


i  km  a.part 
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The  principle  structural  peon! 3 ariti ee  of  pub- 


'T  1 

j marine  coaxial  cables.,  in  comparison  to  underground  cables,! 


i 

i  are : 
f 


1,  Hie  considerably  greater  dimensions  of  the  cable*; 


j.  where  the  diameter  of  the  enter  conductor  of  an  underground 

‘  -  .  i 

;  coaxial  cable  dees  not  exceed  Id  »ur,  in  tav  euon&rirte  cable 


\  It  may  reach  30-40  mm 


|  2,  The  current  carrying  conductor 3  cl  the  cable  aroj 

i  4 

j  flexible;  the  inner  conductor  consists  of  a  large- cross  | 


I  section  wire  and  a  layer  of  thin  circular  wires  cor  taoe. 

I 

f  The  outer  conductor*  is  made  of  flat  tape  or  of 

t 

| 

i  circular  wires. 

Figure  5-'51  shove  typical  cable  structures.  The 
structural  dimansions  and  electrical  data  for  the  cables 
are  given  by  Table  5 -18, 


Fig,  5-57.  Construction  of  coaxial  sub 
marine  cables. 
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Table  5-1 8.  Structural  and  Electrical  Data  for  Marine  Co-  ! 

y  ;  ’  { 

axial  Cables,  A)  Cable  No,  $  B)  inner  conductor;  c)  diameter 

■  f 

of  solid  conductor,  mra;  D)  layer  of  strips  or  wires)  E)  j 

quantity)  P)  diameter  or  thickness,  mmj  G)  wires)  H)  strip|; 

j 

I)  strips)  J)  dielectric)  K)  material;  L)  radial  thickness! 

.  .  >  .  I 

|  mm.)  M)  rubber-)  N}  paragutfca)  0)  K-gutta;  P)  outer  conductoij-) 

i  Q)  quantity)  R)  diameter  or  thickness,  mm;  S)  wires;  T)  j 

;  strips;  U)  wires;  V)  attenuation  at  f  =  40  kc,  mnepers/km; I 

I  ,  '  j 

I ¥)  wave  impedance,  ohms,  j 
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>.'3*  T$e  insulation  Is  made  in  the  form  of  a  continu-j 
oua  shell}  for  the  first  type  of  caHe  structure,  intended.  ; 
for  telegraph  communications,  guttapercha  is  chiefly  used..  I  . 

j 

It  lias  the  advantages  of  good  electrical  insulating  proper-! 
.•ties,  excellent  moisture  resistance,  and.  good  elasticity.  | 

t  * 

alts  defect  is  the  occurrence  of  considerable  dielectric  « 

V 

If 

losses  in  the  high-frequency  spectrum, .making  it  difficult  \ 
to  use  guttapercha  for  high-frequency  telephone  communiCa-  1 
tiers*  .»  ■  | 

I' 

In  addition  the  properties  of  guttapercha  deteriorate 
sharply  under  the  action  of  atmospheric  factors,  which  suh-j 
stantlally  complicates  the  storage  and  transportation  of  I 
the  cables.  \  | 

Among  the  dielectrics  which  have  somewhat  better 
properties  (lower  tan  If),  ythan  guttapercha,  and  somewhat  j 
batter  for  use  in  marine  coaxial  cables.;  are:  j 

a)  paragutta  -  a  mixture  of  guttapercha,  purified  j 

wax,  and  deprote.ini  zed  rubber.}  j 

b)  K-gutta  —  a  mixture  of  guttapercha  and  petroleuif 

jelly} 

c)  special  rubber- type  composition. 

In  recent  designs  of  submarine  coaxial  cables, 

polyethylene  has  been  used  for  the  dielectric. 

4*  There  is  a  specially  reinforced  protective  ar~ 
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•  £ 

morlng,  protecting  the  core  of  the  cable,  and  giving  it  the! 

tensile  strength  required  in  laying' the  cable  and  in  pos-  j 
| sible  retrievals  for  repairs. 

Cables  are  classified  as  deep-sea  and  coastal  on 
the  basis  of  their  armoring. 


.  I 


Deep-sea  cables  are  armored,  with  round  -steel  wiresJ 


2~5  a»a  in  dj.ametsr.  •  High -breaking- strength  steel  is  used.  • 

As  a  rule,  the  armoring  of  coastal  cables  consi sta 
■  >( 


|  of  two  layers  of  round  steel  wire.  '  | 

I  The  Jute  covering  of  the  cable  is  treated  in  ‘tan-  ! 

I  •  i 

|  lain*  ho  that  the  Jut®  will  not  coixfcraot  In  the.  sea  water »  | 

[  •••  -  Below' we  give  some  quite  characteristic,  designs  off 

i  ■  I 

'  submarine  coaxial  cables  and  their  basic  electrical  char-  j 

acteristlos.  •  f 


1*  Type  7/2.5  Cable  (Fig.  5-58} 


The  flexible  inner  conductor  of  the  cable  consists! 

f 

i 

of  a  central  copper  core,  4  mm  in  diameter,  and  a  layer  off 
copper  conductors,  1.5  mm  In  diameter.  The  diameter  'of  the j 
j inner  conductor  is  7  mm.  The  polyethylene  insulation  is  9  j 
|  mm  thick.  The  outer  conductor  is  made  of  copper  wires,  of  j 

I  '  ‘  ■  '  •  •  I 

I  flat  cross  section,  6  by  0.6  mm.  On  top  of  this  there  is  a  I 
I  | 

reinforcing  tape  of  annealed  copper.  Next  comes  the  pro-  f 
tective  shell  of  polyvinyl  chloride.  Finally  there  is  the 
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aula t ion  (polyethylene);  3)  outer  conduc¬ 
tor'  (copper);  4)  protective  shell  (poly¬ 
vinylchloride  ) ;  5)  armor  (steel);  6)  Jute 


r 


jute  padding  and  the  steel -wire  armoring the  wti'es  being j 

i 

.  J 

4 --5  bh»  In  diameter*.  J 

i 

The  coastal  section  of  the  cable  uses  armoring  of  i 

i 

-  i 

6  mm  diameter  wire. 

\ 

|  Above  the  -armoring  of  the  cable  there  is  yarn  arid  j 

}  t 

I  a  chalk  solution. 


| 

The  cable  is  shipped  in  lengths  of  up  to  10  kilom-  \ 


? 

leterB. 


Wtv  t  k**  'fU«rwvi  ,f  ****»tr  h  >'*91111141  ft  tarn  + 


^  '  **  '***** ■i-tf***##’.  'VMM,  !».->•  i.Jjf !>/ T(~1' < ■**  tv+iU,!.i>f  .  :-!»?  .»■:*•  '  ' 

|  ' 

|  The  frequency-dependence  of  the  cable  attenuation  Isjj 


f shown  in  Pig,  5-59. 
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Pig*  5-59,  Attenuation. per  kilometer  of 
submarine  coaxial  cables.  A)  -naieper  s/km; . 
B)  kc. 


|  The  cable  is  multiplexed  In  a  band  extending  to 

|  60, 000  ops, 

I 

The  300  to  3000  cpe  frequency  band  is  set  aside  for! 


I 

\ 

| voice-frequency  telephony  -or  for  12-18  voice -frequency  tel 4* 

i  l 

| graph  links,  f 

I  ■  •  .  I 

I  .  The  32,000  to  60, 000  cps  band  is  used  for  six  tel e  J 

1  '  I 

l  T\V 


phone  carriers  in  what  amounts  to  a  four-wire  system 

I  ■  | 

|of  the  band  Is  used  for  transmission  in  one  direction,  and.  | 

| the  other  half  for  transmission  in  the  opposite  direction  ]„1 
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Tne  communications  ay. a  ten  is  single-  caole.  The  dia banco  be~f 


| tween  repeater  points  is  about  200  kru.  > 

t 

Similar  cable  design j  are  known.,  which  are  multi- 

jploxed  up  to  ICS  kc  in  a  two-cable  system,  *  ) 

(  ! 

j  In  tills  frequency  ranges  using  two  cables,  2M  tele-' 

i  '■< 

S phone  carriers  are  available.  i 

(  Telephone  transmission  is  r.leo  carried  out  over  » 


I  carrier  channels;  in  this  case  each  telephone  channel  is 


I1 


cplaced  by  12  telegraph  channel s. 


II.  Tyne  11.6/43  Cable  (Pig.  5-60)* 

This  cable  has  three  conductors  which  ara  mutually  I 

| 

concentric  and  form  two  coaxial  circuit?..  I 

The  first  coaxial  circuit  consists  of  the  inner  ar><| 

[  i 

|  outer  conductors,  and  is  used  for  multichannel  telephone  -  { 

|  and  telegraph  communications.  ric>  ac-t  up  the  second  circuit J 

j  i 

I  the  inner  conductor  of  the  first  circuit  and  the  central  j 
I  conductor  of  the  coaxial  cable  arc  used.  This  circuit  is  j 
I  used  for  monitoring,  for  technical  operating  measurements,  \ 

1  "  I 

|  for  signalling,  and  for  service  communications  along  the  ■ 


trunks . 


The  structure  of  the  cable  is  as  follows : 

l)  The  central  conductor  consists  of  a  copper  eon- 

j  due  tor,  1.7  mm  in  diameter,  and  a  layer  of  10  copper  wires  j. 

J 


wgJVfrrMite  /t,  lenr mi**  ** •+***•’*- 


pig.,  5-60,  Over-all  view  of  the  type  11*6/43  marine  coaxial! 


cable . 


|  2)  The  inner*  conductor  consists  of  six  cooper  wires! 

t  ^  ‘  ! 

I  iaia  spirally,  with  a  'single,  covering  tape  *  The '  thickness  1 

|  s  *  I 

of  the  inner  conductor  is' 0.19  mm.  '  ..  j 

|  ®ie  outside  diameter  of  the  inner  conductor  Is  11, Q 

!■  .  \ 
mm.*.  >  i 


3)  A’  combination  of  insulations  is  used, 

A  polyethylene  cord,  5.5 .mm  In  diameter,  is  wound 

f 

| spirally  about  the  inner  conductor,  with  a .pitch  of  25.4  f 
I  * 

p-trnu  Then  a  cylindrical  polyethylene  tube  having  an  outside  1 
i  •  ■  s 

jdiame gbt  of  43  nun  is  placed  over-  the1  cord  I 

?  .  ^  ~ 

j  ^ )  iha  oil  o*e  r  conductor  consists  of  &  ix  copper  tape  si 

|o.d3  mm  thick,  wound  spirally,  and  two  open  spiral  cover-  I 
I  '  I 

ings  of  wide  copper  tape,  0,1  mm  thick.  ' 


***«•. 


K  A 
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|  ;  5)  -  The  protective  amr  consists  of  a  tarred  Jute 

cushion, •  armor  of  23  wires,  a  layer  of  compound,  and  an 
outer  jute  covering, 

' 

The  cable  weighs  11*8  tons  (metrlc)/kra. 


9 

<4 


jU 


r'J£l)Sr.^~^  j  f 
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•  i 

F:ig»  5-51  •  Struct  ore  of  type  11*6/43  sub-  j 
marine  cable*  1)  Two  layers  of  jute:  2)  ! 
wire  armoring ;  3)  compound j  4)  two  layers  \ 
of  jute;  5)  outer  conductor;  6)  central  j 
conductor*:  7)  inner  conductor;  8, 9>10)  \ 
polyethylene  Insulation;  11)  lead  sheath;  j 
12)  tape -type  armoring;  13)  polyethylene  -  \ 
insulation;  14)  wire  armoring;  15)  air  gap;  ) 
1.6)  polyethylene  cord*  A)  Coastal  cable;  j 
B)  submarine  cable;  C)  underground  cable,  j 


< 

I 

» 

!  Coastal  cable,  laid  to  a  distance  of  approximately  \ 

J  ; 

|L  km  from  the  sea,  and  also  along  the  coast  up  to  the  ter-  f 

fninal  amplifying  station,  has  contl rungs  polye thyXfer^JO^..-J 
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ilation  and  reinforced  armoring .  • 

In  order  to  equali  ze  the  wave  Impedances,  of  the 

fcoastal.  and  submarine  cables,  the  Inside  diameter  of  the-' 

j  ■ 

jcsoastal  section  is  increased  by  approximately  20$. 

>  The  underground  portion  of  the  cable  differs  from 

I 

ithe  coastal  portion  only  in  having  a  zinc  sheathing,  and 

f 

| tape-  rather  .than  circular-wire -type  armoring. 

I  ■  The  wave  Impedance  of  the  submarine  cable  is  6.2 

johms,  The  attenuation  of  the  cable  is  shown  .in  Pig.-  5-59/ 

|  The  construction  of  the  submarine,  coastal,  and  un- 

jder ground  sections  of  type  11.6/43  cable  Is  shown  in  Fig. 

!5~6li  ■ 

III.  The  Transatlantic  Cable 
The  transatlantic  cable  trunk  is  intended  for ’car¬ 


rier*  telephone-telegraph  communication  between  Worth  Arne rich 

| 

and  Europe.  At  present  this  trunk  is  in  the  design  stage.  J 
Of  interest  are  some  of  the  technical  decisions  j 
made  In  developing  the  trunk.  I 


j  First  variant.  A  coaxial  cable  with  solid  poly-* 

ethylene  insulation. 

i  The  cable  is  multiplexed  by  24- channel  carrier 

| equipment  for  telephony,  with  a  range  of  up  to  100-120  kc 
{The  'distance  between  repeater  substations  is  100  km. 


s 

! 

4 
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The  amplifiers  are  located  underwater  and  use  long-|: 


life  electron  tubes,  permitting  uninterrupted  operation  of ■? 
the  trunk  for  several  decades.  Power  ia  supplied  to  the 

I  [ 

i trunk  over,  the  same  coaxial  cable  from  the  terminal  point.  ! 

|  | 

j  •  Second  variant.  The  distinctive  feature  here  is  thajb 

| the  amplifying  equipment-  Is  located  in  the  cable  itself.  ! 

?  ■ 

j  The  amplifying  elements,  tubes,  circuits,  and  so  > 

| forth  are  located  along  the  cable  in  flexible  cylindrical  j 

!  4 

]  Joints. 


j  The  Joint  is;  made  of  a  series  of  steel  rings,  lo-  | 

joated  under  the  cable  armor1.  Each  ring  Is  38  mm  in  diameter], 
}and  19  mm  wide.  Above  these  rings  there  ia  another  series  1 

f  .  •  .  j 

{of  thinner  steel  rings,  covering  the  joints  between  the  f 


fringe  of  the  first  group.  Assembled  in  this  way,  the  rings  I 

I  “  ! 

| form  ar:  articulated,  cylinder  about  2  m  long.  The  cylinder  I 

J  S 

{is  carefully  sealed  to  prevent  moisture  from  penetrating,  i 


All  in  all,  the  cable  is  .flexible  enough  so  that  it! 


X 

Jr**- 


may  be  mounted  on  drums  and  laid  from  them. 

It  is  proposed  that  polyethylene  or  paragutta  be 
fused  for  Insulation. 


|  The  central  conductor  of  the  cable  weighs  125  kg/kra|’ 

[the  dielectric  weighs  90  kg/km,  the  return  conductor  weighs'- 

t 


45  kg/km 


The  usable  frequency  range . extends  to  43,000  cps. 
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i  ? 

j$he  distance  between  amplifiers  is  66  km.  It  Is  proposed  j 
|  l 

iuhat  47  amplifier  joints  bo  installed  along  the  3000  km  run! 

i  •  f 

jof-  the  cable, 

|  Power  is  to  be  supplied  to  the  submarine  cable’  overt 

| the  inner  conductor  of  the  cable.,'  at  2000  v;  the  voltage  is? 

'i  ■  ”  i 

«  ■  . 

[to  ’be  supplied  by  batteries  -at  the  cable  terminals. 
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j  CHAPTER  SIX 

I 

|  INTERACTION  AND  NOISE  RESISTANCE  OF 

f 

SYMMETRIC  CABLE  LINO 

6-1,  THE  NATURE  OF  INTERACTION  IN  COMMUNICATIONS 
-  .  CABLES 

< 

Tha  prc-cesB  of  piopag&tion  of  electromagnetic  j 

s 

energy  along  conductors  was  considered  in  Chapter  2.  Ho;,-  | 

i; 

ever,  in  designing  and  manufacturing  high-quality  communl-! 

i 

cations  cables,  It  is  also  necessary  to  study  the  phen¬ 
omenon  of  the  transfer  ol'  energy  from  one  circuit  to 
another,  and  the  all. illy  of  the  cables  to  rei'ist  inter¬ 
ference. 

The  ability  of  cables  to  withstand  interference  | 

I 

Is  a  very  important  factor  in  providing  reliable  communi—  | 

cations  service,  and  ic  especially  significant  in  long-  { 

» 

distance  high- frequency  telephony  and  telegraphy,  in  this 

case,  the  quality  and  distance  of  e  link  depend  net  so 

much  upon  the  attenuation  in  the  cable  circuit  itself,  as  I 

i 

upon  the  interference  between  adjacent  circuits.  j 

It  was  shown  above  that  at  the  permissible  cable  j 
line  attenuation  of  3.3  nepers,  only  1/735  of  the  energy  ! 
sent  Into  the  line  arrives  at  the  receiver.  The  major  j 
part  of  the  energy  (734/735)  is  dissipated  in  the  cable  | 
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f  itself,  chiefly  in  heat  losses  and  dielectric  polarization^ 

j  in  addition,  some  energy  may  be-  transferred  into  adjacent  | 

j  circuits,  appearing  as  noise  currents . 

>■•  _  * 

|  The-  transfer  of  energy  from  one  circuit  to  another! 

J  •  •  '  '  J  •  | 

l  depends  upon  the  electromagnetic  interaction  between  them.{ 

1  ’  '  ! 

j  When  an  alternating  current  is  passed  through  the  \ 

|  .  '  | 

■  I  first  (influencing)  circuit,  there,  is  created  around  it  &nf 

I  -  \  $ 

|  electromagnetic  field  which  changes  in  direction.  ] 

|  As  a  result  of  this  field,  an  emf  is  induced  in  f 

|  ‘  J 

|  the  second  circuit  (the  affected  circuit)  located  along-  l 

I  '  | 

|  side |  the  emf  gives  rise  to  a  current"  that  appears  in  this! 

i  ..  •  ■  | 

I  .circuit  as  interference .  I 

j  ■  ■  s 

j  As  a  result,  a  transmission  seat  through  the  first! 

!  circuit  will  be  audible  -to  some  degree  or  another  over  "  f 

j  ■  i  I 

the  second'  circuit.  ! 

j'  l 

The  electrical  and  magnetic  interaction  between  | 

the  circuits  are  characterized,  respectively,  by  the  ca™  j 

I 

pacltive  coupling  coefficient,  •  and  the  inductive  | 

I 

coupling  coefficient,  Mlg,  | 

’  li 

. -  I  In  general  form,  these  coefficients  (Fig.  6-1 )  f 

|  '  | 
are  complex  quantities,  and  are.  expressed  as 5  j 

i  ■  '  .  ;  •  j 

|  :  0,2  =  ^  ■+•./««?,  J 

I  ’  ! 

|  *  =  .  I 
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where  g  is  the  active  Component  of  the  capacitive --coupling  f 
\  ♦/  *■  ? 


^coefficient,  end  is  called  the  "dielectric  coupling."  .  i 
r  is  the  active  component  of  the  inductive -’Coupling, 

i- 

coefficient,  and  is  called  the  "resistive  coupling. "  | 

c  Is  the  capacitive  coupling.  .  j 

m.  is  the  inductive  coupling. 

The  quantities  g,  r,  c,  t n  are  called  the  primary 


j interaction  parameters. 


J 
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|  Fig.  6-1.  The  coefficients  of  capacitive  (C^)  and  induc¬ 
tive  (M^g)  coupling  for  a  cable.  A)  First  circuicj  B)  sec- 
fond  circuit. 

Just  as  the  laws  of  the  propagation  of  energy  alow 
conductors  are  determined  b y  the’  four  primary  transfer  pa-  ••- 

i 

rametera  R,  L,  C>  G,  the  process  of  energy  transfer  betwearj 


circuits  depends  upon  the  four  primary  magnitudes  r,  g,  c. 


ikWW**'  «fl»«*68SeK.i8WSfiHCr  vf?SS»#8.v!-^®3aaies . 

»  R’oia  Fla.  6-2  it  can  ’be  seen  that  there  is  a.  c a-  f 

I  •  ■•."■•  •  i 

Jpacitive‘  interaction  circuit,  g  4  located  at  the  path  f 
[along  which  current  passes  -from  one  circuit "to'  -the  other, 

I  while  an  inductive  interaction  circuit  r  4  j&?m  act®  in  ;| 
•parallel,  '.  '  | 

|‘  "  •  ■  ■  f 

I  For  the  sake. of  comparison,  the . transmission  equiv~f 

| '  .  j 

talent  circuit  is  shown.  It  differs  in  that  the  resistance-  | 

S-  .  I 

| inductance  is  connected  in  series,  while .the  conductance-  j 

I  *$  J 

I capacitance  circuit  is  connected  in  parallel  »  •  •  •  J 

A  secondary  parameter' of  interaction,  is  the  quan-  | 

-I? 

fcity  B  (the  cross-talk  attenuation),  which  characterises  J 

I  the  attenuation  of  the  interaction  currents  upon  passing  ,| 

? 

: from  the  first  circuit  to  the  second . 

The  parameter  B  is  similar- ■'  to  the  circuit  attenua¬ 
tion  b  a  j&ij  upon  which  depends  the.  degree  of  attenuation 
of  the  energy  sent  through  a  cable , 

I  In  principle,  the  transfer  parameters  R,  L,  C,  Q 

i  - 

I  and  the  Interaction  'parameters  r,  g,  c,  »  differ  in  that 

the  first  have  finite  values  determined  by  -the  structure 

: of  the  cable  and  the  frequency  of  the  current  transmitted, ' 

i while  the. second  can  be  reduced  nearly  to  zero  by  proper 

I 

| mutual  location  of  the  affected  and  affecting  circuits. 
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j  G) 

[Fig.  6-2,  a)  Equivalent  transmission  circuit!  b)  Eoulvalent- 

!  interaction  circuit .  I 

;  .  -j 

|  Cable  designers  a  a  a  rule  try  as.  much  as  possible  ■> 

j  ! 

[to  decrease  the  attenuation  of  the  cable  itself,  gl,  and  J 

to  increase  the  cross- talk  attenuation  B.  | 

‘The  cross-talk  attenuation  is  expressed  in  terms  j 

oi‘  the  logarithm  of  the  ratio  of  the  power  P1  of  the  gen-  ] 
eration  feeding  the  disturbing  circuit  to  the  -power  Fg  of 
the  noise  in  the  disturbed  circuit]  it  is  measured  in 
nepers : 


p  —  _v  j  n  P\ 

tf  2  n  TV 


(6-1) 


It  may  also  be  calculated  in  terms  of  the  ratio  of 
j the  voltages  or  currents  in  the  disturbing  and  disturbed 
!  circuits: 


B  =  ! n  ^r—In  l~, 

U-l 


(6-2)  j 


In  considering  the  interaction  of  communication  ) 
circuits,  two  types  of  energy  transfer  are  distinguished:  j 


near-end  and  far-end. 


1  The  effect  occurring  at  the  end  of  the  circuit  •  f 
l  ...  1 
|where  the  generator  of  the  first  circuit  Is  located.  Is  I 
{  : 
^called  the  near-end  energy  transfer,  P^,-.  The  effect  at 


>0 


[the  opposite  end  of  the  second  circuit  is  called  the.  energy 
[transfer  at  the  far  end,  PC1, ,, 

\  Accordingly,  the  cross-talk  attenuation  based  on 

I  •  . 

| power  will  'be  (Fig.  6—3 )  t 


i 

u  i 


At  the  near  end 


At  the  far  end 


B( 


1.  l  n  £&. 

2  ,U>V 

1  «  P](i 

2  ai  Pn* 


(6-3) 


( 6-4 ) 


In  addition  to  the  quantities  BCj  and  the  pa- 

| rameter  -E-^  (circuit  noise -real stance )  is  widely  used  In 

f  communications  technology?  it  is  the  difference  between 

i  . 

i  the  levels  of  the  useful  signal  and  the  noise  (transfer 

I  currents),  arising  at  the  far  end  of  the  cable  line  (Fig 

*6-3) 


8,» 


•i  ll!  £k 

2  Pn* 


(6-5) 


It  can  be  shown  that  the 'noise  resistance  B,  -  is 

j.  >;! 


|  numerically  equal  to  the  difference  between  the  cross- tall 


x.  .iri.  * 


attenuation  of  the  cable  and  the  cable  attenuation  b 


—  —  fd. ' 


a 

f 

wiiis* 
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Actually,  since 


A  3 


i/ 


ft  hen 


1 


/.> 

/  4/* 


!B‘  ~  V  “  i in  — i 1 11  aJ  =  •/  »  - 


1  P . 
1  t  ,,  4  u 

fKt 


j  The  coupling  coefficients  are  chiefly  used  in  find-,' 

i  .  ■ 

ling  the  effect  of  Interaction  in  short  lengths  of  cable  or:  * 

I  ' 

j.the  order  of  shipping  length  (a  hundred  meters).  t 

f  It  is  extremely  difficult  to  determine  the  coupling) 


coefficients  in  long  cable  lines.,  arc!  in  many  case?,  it  is 
| generally  impossible,  and  interact:! on  is  evaluated  by  using 


i 

I  the  cross- talk  attenuation. 

The  coupling  coefficient,  and  consequently,  the' 

I 

cross-talk  attenuation,  and  accordingly,  the  degree  of  { 

! 

interaction  of  the  circuits,  depend  upon  the  location  of  j 

>> 

the  conductors  of  the  disturbing  and  disturbed  circuit  w&th! 
,  t 

| respect  to  each  other,  upon  the  communications  system  (sin-? 

gl e-wire  or  double-wire),  upon  the  type  of  lay-up  (quadded,! 

i 

I 
I 


paired,  twin-paired),  upon  the  uniformity  of  structure 


along  the  cable,  and  upon  the  cross- section  and  quality  of  j 


f 

the  materials  used.  In  addition,  interference  effects  do-  j 

} 

pend  upon  the  length  of  the  cable  circuit  and  the  frequency! 

of  the  signals  transmitted.  j 

i 

At  present,  single -wire  circuits  are  used  only  in  j 
the  field  of  DC  telegraphy.  5 


<t*>*wt*m*t  *»••?* m*>*ii^*r**u'*i***K‘  r*nh*)¥'-AiK9fJm*'s 
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First  oircuit  -•  the  influencing  one 


Ml fU  6-3 


J 

Interaction  between  communication 
cir cults* 
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.•••For  links  using  AC,  two-  and  four-wire  circuits 
are  used  exclusively,  .for  the  reason  that  single -wire 
circuits  afford  no  protection  against  mutual  interference,. 


16**2*  EQUATIONS  FOR  EFFECTS  IN  SHORT  LENGTHS  OF  CABLE 
The  analysis  given  below  is-  correct  for  short 
lengths  of  cable,  of  the  order  of  shipping  length,  where 
the  variation  of  current  and  voltage  along  the  conductors 
can  be  neglected*  in  this  case,  only  the  effect- of  the 
first  circuit  upon  the. second  need  be  considered*  the  ef¬ 
fect  of  the  second  circuit  upon  the  first  cah  be  disre¬ 
garded  .upon  the  assumption  that  it  is  negligible. 

Both  the  disturbing  and  disturbed  circuits  have  1 

I 

matched  loads  at  the. ends,  equal  to  the  wave  impedance 
of  the  cable,  Z.  *  '  -  ' 

■  Let  us  consider  separately  the  effect  due  to  the 
electrical  field,  expressed  by  the.  capacitive-coupling 
coefficient  Cj g,  and.  the  effect  due  to  the  magnetic  field, 
expressed  by  the  inductive-coupling  M.,  In  the  disturbed 
circuit,  the  capacitive  coupling  causes  a  capacitive-noise 


current  (Fig,  6-4),  while  the  inductive  coupling  causes  an 
an  inductive -noise  current. 

The  capacitive -noise  current  along  the  path  from 

the  first  circuit  to  the  second  encounters  an  imoedance 
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fFig*  6-4*  Diagrams  for  -the'  equations  of 'short-cable  effects! 

I  .  I 

la)  Capacitive  effect;  b)  inductive  .effect;  k)  first  cir-  •  j 

I  I 

| cult |  B)  second  circuit i  C)  first  circuit/  D)  bj  E)  second  I 

I 

circuit*  .  I 

I'  | 

consisting  of  the' capacitive-coupling  impedance  (Z  *'l/'  | 

(g  4-  Jte>e)  and  one -half  the  wave  impedance  of  the  cable  j 


(Z/2) 


The  quantity  z/2  occurs  because  the  current  eh 
;ering  the  second  circuit  splits  in  parallel  in  two 


)«*«***#* 


3  6? 


L. 

j directions:  toward  the.  near  end  ar.3  toward  the  far  and 
of  the  cable 


jf  **StW»!* 


_ M . 

~  i  ,  z  * 

“t"  2  2 


where  and  are  the  voltage  and  current  In  the  fir 
i  circuit, 

t 

Considering  that  rlQ%2/2 3  ve  may  write 


J£  ™  -f- ’/«>£')  / jZ. 

The  current  in  the  second  circuit,  1^,  which  is 

directed  toward  the  near  end  or  toward  the  far  end  is  equal 

<» 

to  one -ha If  the  current  I„ 


i. 


I2c  =  X  =  2  («■  +>c)  /jZ 


C6-?)  j 


The  ratio  of  the  current  in  the  first  circuit 

t 

|to  the  capacitive-noise  current  l\~,k  in.  the  second  circuit 
ji s  expressed  in  the  form 


/ 


2 


7^"  . . 0/ )  £  ’ 


The  voltage  arising  in  the  second  circuit  owing 
to  the  inductive  coupling,  TJpr ,  is  determined  by  the  equa¬ 
tion 


(where  Lj  Is  the  current  In  the  first  circuit i  ' 

$  J 

j  '  Zjk  is  tha  inductive-  coupling-impedance ,  •'  j 

|  inductive-noise  current  arising  as  a  result  of  •  ' 

r  , 

|thls  voltage  In  the  second- circuit.,  is  closed  in  serial 


jwith  the  near  and  far  ends  of  the  circuit,  and  thus 
[impedance  equal  to  22 


?  sees  an 


'-m  j  /  i  s,  *  i 
•Tjr  =  n  j 


(6-8) 


‘ihen.  the  ratio  of  the  current  in  the  first  circuit 
to  the  induced-. noise  current  in  the  second  circuit  will  be 

!  fl 

it  _ 

*2m  "  r  4*  /Wr  * 

■fis  iiat..  been  sxiown  above ,  the  relation-  of  the  currents  In 
the  first  and  second,  circuits  is  characterized  by  the 
cross-talk  attenuation  B, 

In.  this  connection,  the  expression  for  the  cross- 
talj?.  attenuation  of  the  capacitive-coupling  currents  takes 
the  following  forms 


!*  j  | 


(6-9) 


i.h.6  cross-talk  attenuation  of  the  Inductive  ^coupling  j 
currents  will  be  '  I 


f  - — -  1  p  _ .1 
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I  The  expressions  obtained  establish  the  connection  j 

l  i 

[between  the  primary  interaction  parameters  r,  m,  c,  g,  and  | 

ft  he  sccondE^y  pr.r&itiet&r  B-  and  penrd  t  calculation  or  the 

lvalue  of  the  crops -talk  attenuation  in  short  lengths  of  \ 

;  .  t 

jcosimuni  os  ti ons  cables.  1 

1  t 

|  Let' us  consider  the  effects  at  the  near  and  far  ends 

\  | 

lof  a  cable  circuit  owing  to  the  combined  effect  of  the  ; 


jcaoacitive  and  inductive  coupling,  currents.  | 

’  ! 

|  In  order  to  do  this,  we  must  first  of  all  establish  j 

jj  ! 

I  the  law  by  which  the  capacitive  and  magnetic  coupling  co~  ; 

b  i 


I  * 

\ efficients  may  be  added  at  the  near  and  far  ends  of  the 


i  cable 


Aa  can  be  seen  from  Pig.  6-4,  the  noise  current  f 

! 

arising  in  the  second  circuit  owing  to  capacitive  coupling.,! 


•A"  O.A  ■* 


splits  parallel  to  the  near  and  far  ends  of  -the  cable  J 


|  circuit.  The  inductive  coupling,  acting  as  a  transformer, 

i  «* 

j  gives  rise  to  an  inductive-noise  current  closed  in 

|  series  with  the  near  and  far  ends  of  the  second  circuit. 

f 

j  As  a. result,  two  currents  pass  through  the  loads 

j 

j  (equipment)  at:  the  near  and  far  ends  of  the  disturbed 
|  circuit j  a  capacitive-coupling  current  and  an  inductive- 

i  J 

j  coupling  current,  where  the  sum  of  these  currents  acts  at  I 


the  near  end,  and  their  difference  at  the  far  end. 
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5 

i 

fin  receiving  equipment  of  the  second  circuit,''  located  at 

i 

| the  same  .point  as  the  transmitting  equipment,  the  capaci- 

|  *•  *  * 

Jtlve  and  Inductive  nol.se  add  (tgQ  “  Ij>c  +  Igm^*  wM-le  in 

f  •  ' 

{receiving  equipment  '.Located  at  the  opposite  end,  the  indu- 
f  ’  • 

(eed  current  is  'subtracted  from  the  capacitive  current 
£  *  *  * 

j'{lg-j  *  Igc  “*  I^)  *  is 'confirmed  experimentally  by  an 

| investigation  of  the  electromagnetic  coupling  .coefficients 

!  • 

J carried  out  on  shipping-length  sections  of  cable, 

| 

Figure  6-5  shows  the  experimental  set-up  for  study¬ 
ing  electromagnetic  coupling.  The  measurements  of  capa¬ 
citive  coupling  are  carried  out  with  the  ends  of  the 'line 

*  ‘  - 

open -circuited! -for  the  inductive-coupling  measurements; 


they  are  short-circuited 


The  law  of  addition  of  the  capacitive  and  inductive 
interaction  currents  is  found  from  the  signs  of  the  re¬ 
sultant  coupling  as  measured  at  the  near  and  far  ends. 


'!Z 


•f£ 


ffl; 


m 


near  end]  b)  Meas- 
’’’“jurement  of  the  el- 
,-Jectromagnetic  coup¬ 
ling  at  far  end. 


,  ««b<* ^«ri«*<|c>i*nw»>  •*&*&*"*&  '.WtfMfc  .WMdV  *'***•«  •,;'*  *V/r,!*' 

|  :,rphe  measurements  established  that  the  magnitude  and 

feign  of  the  capacitive  coupling  (0,„)  were  the  earns  at  the  1 
[near  and  far  ends.  The  inductive  couplings  (M-^g)  at  the 
I  near  and  far  ends  differed  in  sign,  but  had  the  same  ah-  j 

!  solute  value.  j 

j  '  j 

f  The  results  of  these 'measurements  are  related  both  | 

f  j 

| to  the  reactive  coupling  components,  c.,  m,  and  to  g,  r,  j 
ithe  active  components.  Thus,  at  the  near  end,  the  indue-  j 

j 

tive  coupling  is  added  to  the  capacitive  (C^  +•  fl^g)*  while*, 
at  the  far  end,  it  is  subtracted  (0,o  -  Mir).  At  the  near  , 
end,  therefore",  there  acts  the  sum  of  the  capacitive  and  j 

inductive  ncl.se  currents,  while  at  the  far  end,  their  \ 

|  .  .  *  % 

difference  appears.  Consequently,  there  will  be  less  inter¬ 
ference  at  the  far  end  than  at  the  near.  j 

1 

Using  ‘Formulas  (6*7)  and  (6-8),  we  obtain  the  expr- ' 
ess ion ft  for  the  resultant  noise  currents  for  the  near  end  , 

*  *  i 

of  the  cable  eurcuit  Ig0,  and  the  far  end,  Iglt  | 

f 

4>  -  4 + 4,  ~  i  if  +j",c)  /iZ+ yr+y"»"0i~  j 


f  (/?  "4“  jMr )  Z *  (v  -t-  jbitft ) 

(6-11) 

( "■  2Z  _  * 

1  .  1  / 
/ 2l  =  l2c  —  :  ,j  (g -f/io c)  I^Z  —  $  (/  -f-yW/l)  ^ 


i  iff  +  /«>')  Z*  —  (r  4  h™)  1  {r 

7*  - - - J*  (6“12) 
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i  we  obtain  the  final  formula 


&o  ~~  In  '  ->V 1 , 

J  (  w.d  Ao  I 

In  1  '"'y~p  j  - 
«•>/ A/ 


the  cross-talk  attenuation 


(6-17  ) 


(6-18) 


■he  quantities  K()  and  Kx  are  called  the  .coefficients  of 


electromagnetic  coupling  corresponding  to  the  near  and  far 
ends  of  the  cable  circuit. 

By  using  Formulas  (6-17)  and  (6~l3)  it  is  possible 
to  determine  the  resultants  of  the  cross-talk  attentuation 
for  the  capacitive  and  inductive  noise  currents  in  sections 
of  cable  on  the  order  of  shipping  length.  They  indicate 
that  the  cross-talk  attenuation  is  lover,  the  greater 

pfce  frequency  <*J  of  the  transmitted  current,  the  wave  Im¬ 
pedance  Z  of  the  cable,  and  the  coefficients  Xq  end.  IT^  of 
Electromagnetic  coupling. 


6-3.  PRIMARY  INTERACTION  PARAMETERS 

— .is  the  result  cf  asymmetric 
1 tract  capacitances  between  the  conductors  of  the  disturbed 
and  disturbing  circuits. 

Figure  6-6a  shows  the  disturbing  loop  I  (conductors' 
L«2)  and  the  disturbed  loop  II  (conductors  3-4),  The  direct 


japacitances  between 
i'orm  a  bridge. 


the  conductors,  o_  „ ,  c2,,  ,  c^f ,j 
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Pig,  6-6*  Bridges  formed  by  the  direct  capacitances  and 
Inductances  of  a  qoadded  cable.  A)  First  loop?  B)  second 

j  - 

| loop?  C)  first  loop-?  B)  second  loop, 

\  *  '.  ■ 
j  It  is  evident  that  if  the  bridge  is  symmetrical  and 

| balanced t  there  will  be  no  transfer  of  energy  (interference 
1 

| between  the  first  and  second  loop; 


ii3  {> 


Let  tis  -explain  the  conditions  for  symmetry  of  the- 


bridge , 


On  conductors  1-2  of  loop  I  there  are  the  electric- 
field  charges  Q-j  and  Q?,  which  induce  the  charges  and.  Q; 

■on  the  conductors  of  loop  II  (3-4). 


•iSW!'/*  --to?  :*t ■  v*  .  r* -  itr.'tn  >>  *,r**  ■* <? -Vi  *?  &*  ,rv  ‘  « ? £*f '  .*  *•  i» fr' 1  <f  •■*  -V-  •<c*f  ••  •  **  «  ■* 


Each  of  the  conductors  5  and  4  la  affected  by  the 


difference  of  the  chargee  Q,  end  Q,.,  (which  differ  ir,  sign)  t 


3  **'™—  C}  ^  g  ~ f>— *  <f  r  **i  «■*••»»  •  ^  ^ 
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$4  r™  Ql  —  <?2  ~  T  «?H  —  f 
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The  charge  difference  acting  on  loop  II  equals i 

*  r 

\  Qa  Q*  "%{(.€i2  —  ^sj)  —  (tf; i4  —  %)]  — 


r”  £  [(*:i3  •"!  - €m)  (<»4  +  ^)1- 


It  is  evident  that  there  will  be  no,  interference  in  loop 
II  when  the  charge  difference  In  aero: 

Q,  —  Q4  :r:;  0f 

and  since  U/2  ^  0,  this  will  be  possible  only  where  the 

I 

j direct  capacitances  are  related  by  the  equality: 

|  (^iS  “{“  ^2*)  *"  M* iA  *  F*  ^25) 

(which  constitutes  the  condition  for  symmetry  of  the  bridge, 
j  Consequently,  for  the  interaction  between  the  loops  j 

to  vanish,  the  sums  of  the  opposing  capacitances  must  be 
|  equal : 


C13  ~i~  cn  —•  CU  +  C2Z' 


Pig#  6-7 .  Bridges  formed  by  capacitive  (C  r  g  -*•  j»c ) 

12 

and  Inductive  coupling  (Mj_?  '»  r 


*b  rin 


1 

l 


I 

The  capacitive  asyms try  (imbalance)  of  the  bridge 
which  exists  under  actual  conditions:-,  causing  mutual  in¬ 
terference  between  communications  circuits,  is  called  the 
capacitive  coupling  c. 

_  &■ 

C  ™  iCi3  +  CH)  (C t4  -j~  f2?). 

—  can  similarly  be  re¬ 
presented  by  a  bridge  formed  by  the  direct  inductances, 

, 

which  act  as  a  transformer  (Fig,  6-6b)0  Here  we  are  con¬ 
cerned  with  magnetic  fluxes  rather  than  with  electrical 
charges «  The  condition,  for  symmetry  of  the  bridge  is  the 
expressions  .  • 

(rnH  -f -fft23)  —  (mn~\r  m2i)  =  0. 

The  inductive-coupling  coefficient  characterizes  the 
tuning  of  the  bridge,  and  accordingly  the  degree  of  energy 

a 

transfer  (interference) #be tween  loops  1  and  II 

m  {mu -|-  m23)~~(mi3 «f  /^S4). 

or 

the  dielectric  coupling,  g,  is  accounted  for  by  the  j 
asymmetry  of  the  energy  loss  in  the  dielectric*  Here  the 
arms  of  the  bridge  represent  the  equivalent  energy  losses 
in.  the  dielectric  surrounding  the  conductors  of  the  cable, 

®13*  &23*  Sgij.?  SjXj.  (-^ig*  6~7a)» 

When  an  alternating  current  flows  through  the  cable, 

the  dielectric  Introduces  an  energy  loss  proportional  to 


__  37fi 


ffche  conductance  of  the  Insulation,  0  ~  a*C  tan  *>,  If  the 


plecti’ical  properties  of  the  dielectric  are  not  uniform, 

i 

br  the  thickness  of  the  conductor  insulation  varies,  or* 


(the  cable  is  deformed  at  various  points,  etc.  /  then  the  i 

[  ! 

'direct  losses  in  the  dielectric  g,  0,  g^0,  g^i,,  and  g,  j. 

|  1 e.  J;  it**  ■  ’ 

[will  not  be*  the  same*  •  This  -upset b  the  symmetry  of  the 

i  | 

[bridge  formed 'by  the  dielectric  couplings  g,  and  sets  up  f 

I  ■■'■’.  i 

the  conditions  for  mutual  transfer  of  energy  between* -the  | 

I 

conductors,  f 

i 

The  dielectric  coupling  is  expressed  by  the  equation.! 

«  i 

|  S  i£%3~$~{?3i)mm~(gu  —  &2l)‘  *  ;  J 

1  ■  I 

The  active  component  of  the  inductive  coupling, -  or  | 

f  . . .  '  ~  ’  ~  .  . ~  ~  *  j 

the  so-called  resistive  galvanic  coupling,  r.  Is  due  to  f 

leddy.  currents'.  -  1 

-  ,  •  { 

{  As  is  known,  when  an  alternating  current  is  passed  I 

t  | 

I  through  a  cable  circuit,  eddy  currents  are  induced  in  ad-  \ 

.  '  j 

f  ,1acent  conductors  owing  to  the  changing  magnetic  fields  j 

I  .  '  . '  r 

|  these  currents  cause  an  additional  consumption  of  energy  I 
S  '  .  | 

fin  the  transmission  circuit.  Similar  losses  occur  in  the  I 
I  'I 

| shield,  lead  sheath,  and  other  metallic  portions  of  the  l 

cable*  ! 

I 

If  the  conductors  of  one  circuit  are  not  arranged  j 
| symmetrically  with  respect  to  the  conductors  of  another 
j loop,  or  the  metal  sheaths  of  the  cable,  or  if  conductors 
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bf  differing  diameters  or  electrics!  properties  are  used,  j 


rr 


the  eddy-current  losses  will  be  asymmetric;  this  appears 
jas  a  detuning;  of  the  resistive  bridge  r-^,  r^,  r^,.  and 
pj\  6-7fc),  as  illustrated  in  Fig,  6-8..  .  Stronger  eddy) 

( 'Jhtmn  .mapHamHs^  \~tnJ  j 

B!S.rjm&LL — '  ( 

.  •  1 

fc  ! 


w'k^iy'Hjn 

\  \  %%  v  /  /  fj*J 


Pig.  6-8.  Resistive  coupling.  1-2)  Distrub- 
ing  circuit;  3-4)  Disturbed  circuit; 

A)  Magnetic  lines  of  force  due  to  conductor  1. 

j  currents  will  be  induced  in  the  thick  conductor  3*  which 

i 

] 

jlies  near  the  disturbing  loop  1-2,  than  in  the  thin  con¬ 
ductor  4,  located  some  distance  from  it.  As  a  result,  the  j 
resistive  energy  losses  become  asymmetric;  this  is  char-  j 
j  act eristic  of  resistive  coupling 


rz—{?l4~\~F 23)"  (^13  *24)* 

The  resistive  coupling  increases  the  more  the  con-  j 
) due tors  differ  in • resistance  and  in  the  losses  to  eddy 
j currents  lnjthe  adjacent  circuit,  shield,  armoring,  lead. 
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other  metal  portions  of  the  cable 


i 

■  k 


While  asymmetric  losses  In  the  dielectric  are  r^~  ■ 

sponsible  for  dielectric  coupling,  asymmetric  losses  in 

aetal  cause  resistive  coupling.  | 

It  is  evident ' that  dielectric  and  resistive  coup  ~  I 
ling  occur  only  with  changing. magnetic  fields.  Inductive  j 

coupling  also  occurs  only  when  an  alternating  current  is  .  j 

'  .  .  I 

passed  through  the  line*  | 

The  magnitudes  of  the  capacitive  and  inductive  ,  j 
coupling  are  expressed  In  terns  of  the  direct  interaction  ,, 
parsme tors  by  the  following ■ equations i  *  | 

C,J  =  g  +/W  =  l(gn  4-  Ma)  4-  fe*  4>%  4)!“"  j 

—  l(Mu  4  (in  +>%)] .  -  (6-19)  j 

4l — —  f  +J*M  mr:  [(/  ^  ~f~  (^23  4l/?'5^’2s)J _  <  1 

—  ifoa  4/^131+  (^24  +>^24)i •  .(6-20) 

6-4.  ELECTROMAGNETIC  COUPLING  COEFFICIENTS  AND 

CROSS  TALK  ATTENUATION  IN  SHORT  LENGTHS  OF  CABljE 
j  pphe  resultant  coefficients  of  electromagnetic  coup- | 

Ling  at  the  near  end,  KQ,  and  the  far  end,  K^,  xnay.be 
represented  as  the  sum  of  the  electrical  and  magnetic  . 


couplings,  Kc  and  K^s 


Kq,  =  Kc  4-  Km  =  {-;■  4 -jc  'j + 1 


C-\%  j  Afja 

r 5?i» 
(6-21) 
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■»£.  ra^rrstff  ^V,WJ 


*<=*>-*■„  -  a  4  jc 


{--+/« j 

\fev  / 


T'i 


<*  'ta^ 


sS-CS-e?) 


I  i 


Grouping  the  in -phase  and  out-of-phase  components 


jwe  obtain 


? 

(aa!4 

!i 

9,  ° 

_n 

+/g 

4.X--1 
*  **  / 

?  Kr~iK  -~~ 

r  \ 

4-/(y 

®  ' 

i  ■  A*~~U« 

\  \ 

% 

•uZ) 

if  l ' 

■'  J 

Bearing  in  mind  that  in  cable  measurements,  the 
parameter  k  -  4c  is  used,  rather  than  the  capacitive  coup 


fling  e,  the  electromagnetic  coupling  coefficient  at  the 

\ 

J  near  and  far  ends  can  be  expressed  as: 


#0  =  (£-■ + si) (c + £■) 

*,= 


/X„„ 

^  o>  oaf'y 


r.Ui-/t/r 
1  t  J  \  ' 


m 


(6- 23) 


{6-04) 


j  The  absolute  values  of  the  quantities  Kb  and  JC,  of 

j  “ 

f  expressions  (6-21)  and  (6-22),  occurring  in  the  formulae 

f 

| used  to  determine  the  cross-talk  attenuation  Bq  and 
1  equal: 


(6-25) 


382 


K 


f  JL.U 

m  * 

i 

)  !  v 

« 

Jr 

( 

(6-26) 


When  making  calculations*  for  an  aerial  liner  the 


I  t  a  Y 

jin-phase  coupling  components  g /to  and  r/vz "  .are  neglected. 


[givings 


I  *i  !=.«+■£ 


;  I  *, 


■  t 


m 

r***'  >» 


jin  low -frequency  cables,  where  the  interaction  is  chiefly 
{determined  by  the  capacitive  coupling,  the  coefficients 

j 

( j Kq {  and  | K.^|  are  equal; 

j/c0|=±|/'|  =  <?. 

Here  the  cross -talk  attenuation  at  the  near  and  far 

I  • 

fends  of  a  shipping-length  section  of  cable  are  also  equal 


£cs=:£g=S'h] 

If  k/4  Is  used  instead  of  c,  we  obtain; 
Ba=B,===  la 


(6-27) 


(6-28) 

The  following  units  are  used  In  measuring  and  cal 
culating  the  electromagnetic-coupling  coefficients; 

C12  ~  S4  Jafc  £mhos]  i  Mlg  m  r  t  j&m  johms]  y 


a) 


+  jc  [farads]  ?  ~  +  Jm  jhenrys];  fli-tgiS  £farads]j  J 

Z  * 
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\  Fig,  6-9-  Coupling  vectors  Kq  and  In  a  quad 

|  (typical  eases},  a)  at  near  endj  b]  at  far  end. 

|  Normally,  the  values  of  and  are  on  the  order 

I  ..no  ~  .  ’ 

[of  10  "  farad  for  a  shipping  length  line  cable. 

|  Since  in  the  general  case  coupling  is  expressed  by 


| complex  vector  quantities, and  Kq  may  differ  in.  ab po¬ 
llute  value.  If  the  signs  of  the  capacitive  and  inductive 

*  '  ' 

I  components  of  coupling  are  the  name,  then  j  K.^  [  >  j |  j 
| where  the  signs  differ,  jK0  j  <  j'K^i . 


! 


i 


I 

| 

i 

■i 

I 

I 

i 

* 

i 


|  Figure  6-9  shows  the  most  typical  cases  of*  the  coup 

I 

fling  relationships  inside  a  spiral  quad. 

j  Table  6-1  gives  values  of  the  KQ  and  vectors 

{  .  —  , 

| inside  quads  of  cables  with  atyrof lex- cord  insulation  for 
[frequencies  up  to  60,000  cob. 


Table  6-2  gives  the  mean  values  of  a  number  of  meas¬ 
ured  values  of  K0  and  K1  inside  and  outside  of  quads  of 
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;>b»b mtm*m  ■  •■***»■•  ••  ■ « 


r9'"'***  =••  w**- «*„  *.*».• •*  m*  •  wr«Ma>r?^“-  ‘T^iW^.rr 

|  '  '  I 

(type  32  X  2  paper-cord  insulated  cables.  •  f 

jr  v  '  ,w  '  I 

I  Table  6-1,  Coupling  coefficients  (in  mlc romi crof arad^) 

I  . 

!  at;  the  near  and.  far  ends  of  a  cable  (in aide  quads) .  • 

f  %  ,  i 

j  A)  frequency,  cpsj  By  Specimen*  j 


|  From  the  data  given,  it  follows  that  for  inter 

Lotions  within  the  quad ,  the  capacitive  and  inductive 


f 

* 

i 

i 

1 

■i 

i 

I 

r 

? 

I 

* 

i 

1 

! 

f 

I 


i 

i 

f 

1 


| 


i 

& 


| 

■ 

s 

a 

£ 

5 

i 


| 

i 

| 


.  -,ir. .V ..„ ***,-. „ ■ . ..**4**,  . «*,*** , ^atpt. ,,<xvr:* :** ««■•,**.- ’*rj.~v*r* 

boupllng  are  the  ssme  in  the  vast  majority  of  cases,  since  j 

[the  coefficient  of  elect r-omagn e t i c  coupling  at  the  fax’  end.  ' 
|.  •  • 
f|Kx  |  is  much  less  than  the  coefficient  of  electromagnetic 


[coupling  at  the  near  end/lKhj.  j 

[  i 

)  Between. the  quads,  the  capacitive  and  inductive  j 

{■  ; 

*  ■ ; 

^coupling  agree  or  disagree  in  sign,  but  here  Kq  >  K.  . 


Table  6-2,  Coefficients  K()  and  for  a  J2  X  2 

cable.  A)  f,  ops;  B)  inside  quads t  C)  between 

quads 


jSCJ 

Qr  XW) 

j  ( 

i  '**^*4. 

- 

;gTBep 

I  (CX  Mc«gY 

|  !«?! 

ik<i 

1  l*.l 

$ 

11,0 

1,5 

0,5 

0,5 

10 

12,6 

0,7 

0,2 

1,0 

$9 

13  0  5 

0,75 

0,1 

1J 

30 

13, 9  ,• 

1,0 

0,2 

U 

40 

14,3 

1,4 

0,4 

1,0 

SO 

1 0,4 

1,8 

0,7 

0.8 

60 

17,7 

2,1 

!,!) 

0,0 

7© 

20,1 

3,1 

1*5 

0,89 

80 

22,5 

4(& 

2,0 

i 

0,7 

\ 

I  The  coupling  coefficients  inside  the  quads  are 

[greater  in  absolute  value  than  those  between  the  quads, 

[and  consequently,  the  most  dangerous  interaction  occurs  in- 

j 

[side  the  quads.  This  is  confirmed  by  the  results  of  meas- 
| 

ju  remen  te  of  the  cross-talk  attenuation  in  shipping-length  i 
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| Fig.  6~ 

length 


10*  Cross-talk  attenuation  Bn  and  E, '  in  a  shipping 
cable  between  and  inside  the  quads  (typical  case)* 


|l)  Between  the  quads;  2)  inside  the  quads; 
J quads;  b)  inside  the  quads;  A)  nepers;  B) 


•*SWj..V  WTfcsBWj 


|4  X  4  etyrof lex-cord  .insulated  cable  (Fig.  6-iC)  „• 

It  follov?B  from  Table  5-3  and  Figure  6-10  fchs.tt  1. 
fThe  cross-talk  attenuation  between  quads  la  1  to  4  nepers 


A  , . 
,l£> 


•greater  than  the  cross-talk  attenuation  inside  the  quai 

r  j 

(Therefore  tranwr-lsnions  through  differing  quads  •Kill  be  , 
i 

loropagated"  under  more  favorable  conditions  than  tranr- 

r 

jmlsstons  passing  through  loop",  within  one  quad.  2.  The  > 
jcrosh-talk  attenuation  B1  at  the  far  end  Is  noticeably  I 

i  ■* 

(greater  then'  the  crors-talk  attenuation  3r,  at  the  near  end). 
i "  '  > 

Ithie  effect  is  especially  pronounced  within  the  quads. 

t  • 

l  „  { 

3.  As  the  frequency  increases*  the  croso-telk  "attenuation  ■ 
*  ***■  ; 

f  i 

f decreases  considerably.  Using  formulas  (6-17)  end  j 

|  ■  I 

I  the  following  re 1 ation ships  can  be  derived  between  the  * 

|  ■“  ' 

{cross-talk  attenuation  and  the  coupling  coefficient  at  ■ 

I  ? 

f  ‘  P 

near  and  far  ends  of  the  cables  i 


i  Bf —•  IV—  In  j  r -n™i  —  In 


3  ! 

$ 


j  =  1.0 


£\?  . 

?  .  * 
I 


h 


(6-29) 


| which  agrees  well  with  the  experimental  data.  A  coupling 
ratio  between  quads  of  |  K0  /  Kb  j  =  2  to  4  corresponds  to 
IBj  exceeding  Bq  by  0,3  to  1  neper. 


-S  Cj  r\ 

■  pod 


Table  6-3.  Results  of  measurements  of  cross-talk 
attenuation  In  shipping-length  32  X  2  cables* 


A)  frequency,  ko 
c)  between  quads 


B)  inside  quads j 
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Table  6-4.  Results  of  saeasurerjents  of  capacitive  coupling 
in  32  X  2  cable ,  in  mlcncri cr  of  a. rad t  par  standard  (shipping  ) 
length*  A)  Frequency,  kc;  B)  Inside  first  quad?  C)  Inside 
second  quad;  D)  Inside  third  quad;  E)  Inside  fourth  quad;  J 
F)  Between  quads.  j 
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J  Table  6-5*  Results  of  measurement  of  magnetic  couplings  1 
|  in  32  X  2  cable  (in  Mlltoicrobenrys  per  standard  (sblppin|) 
length).  A)  Frequency 5  ks;  B)  Inside  first  quad; "C)  Inside 
second  quad|  D)  Inside  third  quad;  R).  Inside  fourth  quad;  I 
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Table  6-6.  Percentage  relationship  of  Intraquad  couplings. 
A)  Frequency,  ko ;  B)  Inside  first  quad 5  0)  Inside  second 
quad 5  D)  Inside  third  quad. 
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6-5.  TB5  FBEQUENCl  DEPENDENCE  OF  THE  (H3EFFICI8KTS 
OF  ELECTROMAGNETIC'  COTOIHG  ' 

Then  components  of  the  electromagnetic  coupling  were 
measured  in  the  60  -  80  kc  band  for  cables  with  paper-cord 
(type  32  X  2)  and  styroflex-cord  (type  4-  X  V)  insulations 


i 

I 

i 

I 


•i 


then,  using  expressions  (6-21)  and  (6-22),  the  values  oil 
Kq  and  were  calculated. 

Tables  6«h  and.  6-5  give  the  results  of  fceasuremotits 
of  the  capacitive  and  inductive  coupling  inside  and  be  twees, 
the  quads  .of  32  X  2  paper-cord  insulated  cable. 


Fig.  6-11.  Nature  of  the  frequency  variation  of  the  coup¬ 
ling  coefficients.  A)  kc. 

The  nature  of  the  dependence  of  the  resistive,  in- 
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Inactive,  capacitive.,  'and  dielectric  couplings  or.  frequency  \ 
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Table  6-7.  Percentage  relationship  of  Interquad 
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I  felon  in  the  percentage  relationship  of  the  couplings  in  a  I 
I  | 
| type  4  X  4  cable  with  etyrof lex-cord  Insulation,  The 


j  frequency  dependence  of  the  ratio  j  jC  /  K  |  fc 

i  ^  ‘  .  ‘ 

(with  sty reflex  insulation  is  given  in  Pig-  6-13. 


for  a  cable  i 


1  -  i 

I  ,,  * 

lKoi 

;  ana  | 

1*1  1 

I  is  shown  In  Pig.  b-x4.  | 

f  f 

|  Analyzing  the  data  which  has  been  presented,  we  I 

f  !  § 

!see  that i  I 


•wt *rw 


I  '  ' . .  •’  .  '  j 

|  .1.  At  voice  frequencies,  the  capacitive  coupling  is  j 

l  ’  I 

Isix  to  twelve  times  the  inductive  coupling ♦  As  the  fre-  r 


|  Fig.  12.  The  percentage  relationship  of  intre- 

|  quad  coupling  in  the  cable  (typical  case).  A )  kc . 

I  quency  increases,  however,  the  relationship  .changes.*  and 

by  the  time  f  reaches  10,000  cps,  the  inductive'  coupling 

f is  numerically  equal  to  the  capacitive  coupling,  and  then 

1  somewhat  exceeds  it  (in  several  quads,  the  ratio  Ik  /  K 
i  ■  ■  1  c  '  m. 
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| reached  0.7  to  0,9  at  frequencies  of  60  to  80  kc).  On  •  j 
|  the  average,  from  10  kc  on  Kc  /  Kjg  equalled  approxi-  I 
jmately  one.  .  I 
1  '  _  ■  1 
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The.  in-phase  coupling  exponents,  erpeeiclly  the 
resistive  component play  a  more'  important  role  as  the 
|  frequency  increases  (with  DC ,  they  are  aero). 

Thus,  although  in  the  voice-frequency  range 
’ 

I  v/0  amounts  to  only  4  tc  3 %  of  the  magnitude  of  the  in¬ 
ductive  couplings,  at  higher  frequencies  this  percentage 
rises  to  20 %+  , 

‘ 

The ' in-phase  component  of  the  capacitive  coupling 
(the  dielectric  coupling  g/jJ  )  is  relatively  unimportant ,  • 
especially  in  cables  with  styroflcx  insulation*  where 
the  dielectric  losses  are  insignificant ,  owing  to  the 

small  value  of  tan  S . 


Fig.  6-13.  The  dependence  of  the  relationship  of  the  capa¬ 
citive  and  inductive  couplings -on  frequency  (typical  case). 
1) Intraquad;  2)  interquad ;  A)  kc« 
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Pig.  6*14, •  Frequency  dependence  of  iutraquad  elect roracig- 
|  netlc  coupling  -coefficients  (typical  case).  A)  micro- 
microfarads;  B)  kc. 

The  mean  value  of  the  ratio  of  the  In-phase,  and  out- 
|  of -phase  coupling  components,  measured  for  (Several  .-specim©. 


equals? 
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t  c 


0 $  x  to 


B1  0  ft  2  to 


e  <£,  ■$ 


.  •  «y«  v'w' ■.  wry-tbii*  ».i .r«..c 

3.  Frequency  dependence  of  the  coupling  components*  | 
a)  As  the  frequency  Increases#  the  capacitive  coup-  ! 

jling  becomes  somewhat  greater;  this  is  especially  true  of  . 

f  i 

Icables  with  paper-cord  insulation/  This  change  is  evident- j 

|  "  I 

|ly  connected  with  the  variation  of  the  dielectric  constant  1 

*  £ 

i  4 

with  frequency*  \ 


b)  At  frequencies  of  f  “  10  to  20  kc,  the  inductive  \ 

f 

coupling  begins  to  decrease  uniformly;  this  is  explained  \ 


by  a  proximity  effect,  both  for  the  circuits  measured,  and  I 

|  ' t 

}for  adjacent  quads  and  other  metal  portions  of  the  cable  j 

j  *  j 

! (the  lead  sheath,  etc.).  f 

|  c)  The  resistive  coupling  r/co  rises  from  zero 

j 

i ( f or  DC),  reaching  a  maximum  at  frequencies  of  15  to  30  ko,j 

l  •  •  'I 

land  then  mis.  ! 

\ 

Physically,  this  is  explained  by  the  fact  that  for 

| very  large  eddy-current  losses  asymmetry  (  l.e.,  rests- 
! 

ftlve  coupling)  is  unimportant . 

|  d)  Dielectric  coupling,  g/tt,  also  comes  into  play  | 

[only  for  AO,  and  reaches  a  maximum  at  a  particular  fre-  | 

I  i 

quency.  In  styrof lex-insulated  cables/  this  maximum  falls  [ 


in  the  voice -frequency  band,  while  in  paper-cord — insulatedj 
Icables,  it  occurs  at  30  to  40  kc. 

All  the  components  of  coupling  must  be  considered 
in  order  to  meet  the  noise  rejection  standards  for  long- 
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idi  stance  high-frequency  multiplexed  cables. 

1  .  ”.  ’  ..  • 

|  Where  cables  are  to  be  used  only  in  the  low-frequency 

band  (up  to  3,000  ope),  only  the  capacitive  coupling  coef-  \ 

■>■  ■  i 

|  '  I 

jfieients  need  be  known  {for  DO,  m,  r,  and  g  have  no  effect )| 

|  -  I 

f  .  The  frequency  dependence  of  the  near-end  (KqJ  and  i 
[far  end  fK-jJ  electromagnetic  coupling  coefficients  (Fig. 
p~l4)  Is  determined  by  the  fact  that  at  low  frequencies,  '  • 
Jwhere  interaction  results  from  capacitive  asymmetry  alone.  » 
JKq  and  K1  are  nearly  equal.  As  the  frequency  increases /  ^ 

| the  importance  of  the  inductive  couplings  rises,  and  the  | 

lin-phase  components  r  and  g  appear.  In  vie#  of  the  fact  I 

f  "  •  f 

I  that  at  the  near  end,  the  capacitive  coupling  K.  and  1 

\  ‘  *  C  ;2 

t  f 

[the  inductive  coupling  add,  the  coefficient  Kq  must  1  I 

f  i 

increase*  At  the  far  end*  the  inductive  coupling  Bub-  I 

j  .  r.  .. .  1 

tracts  from  the  capacitive,  so  that  the  couplings'  compen-  j 


I  sate  each  -other,  and  the  coefficient  decreases;  thus  in 

[the  high  frequency  band  Kq  has  an  absolute  value  5  to  20 

j times  that  of  Kj.  This  1b  typical  of  the  interaction  of 

| the  conductors  of  a  quad. 

I  '  ’■ 

j  6-6.  FiECTROM AGNETI C  COUPLING  BETWEEN  ANY 

I 

CIRCUITS  IN  A  CABLE 

Above,  we  have  considered  the  interaction  of  two 
circuits  lying  within  one  spiral  quad  of  a  cable. 
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Fig.  6-15.  Phantom  circuit;  A)  First  physical 
circuit;  E)  phantom  circuit;  C) second  physical 
circuit. 


i  *  f 

|  It  in  quite,  natural  that  Vrhen  energy  is  tran  suit  ted  | 

\  i 

| over  a  multiconduc'tor  cable,  loops  lying  In  different  Quads] 

|  ; 

| will  Interact . 

£ 

■' 

i  The  phantom  circuit  (Fig.  6-lrc}.»  used  In  ibw~fre— 


Iquency  cables,  permits  e.  single  quad  to  he  used  for  not 


i  } 

| two,  but  three  coinmanicatlors  circuits.;  this  leads  to  ; 

i 

I  interaction  between  the  Physical  and  phantom  circuits?.. 

j  | 

lowing  to  the-  direct  capacitances  of  the  current-tearing  \ 
[conductors  and  the  lead  sheath,  there  is  an  interaction  I 

j 

(through  the  ground.  j 

I 

Each  form  of  interaction  between  loops  has  been  j 

given  an  appropriate  Index.  I 

Table  6-8  Rives  the  generally  accepted  des*Enfiitlftr.ia.J 
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the  coupling  coefficients  of  different  cix-cuita.  In 
6-16,.  the  loops  in  two  quads  are  shown. 
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lk7 

!k8 
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rig,  6-16.,.  Designating  the  coupling  coefficients 
between  quads.  A)  Ph7  j  B)  Ph,.. . 

<d 

Table  6-8.  Designations  of  coupling  coefficients 
, • .  between  different  circuits.. 


;  COEP- 

CIRCUITS 

PICI- 
ENT  . 

- 

kl 

I  physical. /El.  physical 

\  \ .... 

!^g 

I  Physical/phantom 

:  3 
eX 

II  physical/phantom 

I  physical/ground 

e2 

II  physical/ground 

Phan tom /ground  . 

Phan  t  osn/phan  torn 

I  physical-!  quad/phantom-II  quad 
li  physical -I  quad/phianttom-ll  quad 
Phantom-quad  l/l  physical -quad  II 
Phantoffi-1  quad/  II  physical -II  quad 
I  physical -I  quad/ll  physical-II  quad 

I  Physical -I  quad/l  physical-II  quad 

II  physical -l  quad/I  physical-II  quad 


DESIG¬ 

NATION 


l/II 

l/Ph 

IT/Ph 

I/Gr 

Il/Sr 

Ph/Gr 

Ph^/Ph, 

I1/Ph?' 

II,  /Ph, 


Ph7  /rig 

I1^II2 
Xl/Ip  . 

ii ,  /i, 


401 


I  It  1)5  clear  from  Table  6-8  that  k  and  e  with  Indices! 


|1  to  3  determine  the  Interactions  within  a  single  quad. 


The  coefficients  with  the  Indices  i|  to  12  ohe rasterize  j 

'Interaction  between  individual  loops  of*  two  different  -  | 

quads.  To  dlgtinoulsh  it  from  It.  which  is  called  the  f 

| 

capacitive  ccuollng  coefficient,  e  is  cal  lee.  the  capaci-  | 

i  ! 

tive  unbalance  coefficient.  i 
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Table  6-9 
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the  values  of 

all  the  cap- 

acitive  coupling 
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a symMtrjr  c oaf f ; 

Lcier.it  s  that  in- 

valve 

the  direct 

eapa 

diene 

®3  (the  indices 

denote  the 

number 

’■  of  the  eorresp 

ending 

conductor ) . 

figure  gives  a  diagram  of  the  direct  c&p&c i- 
lances  'Within  a  quad;  Fig,  6 -IS t  the  same  between  quads. 

The  coefficient  k  Is  related,  as  theirs,  ti  cal  ly  to  the 
previously  derived  values  for  the  'capacitive  coupling  o  by 
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ig*  6-18.  Direct  capacitances  between  two  quads.  A) 
aadj  B)  second  quad. 

.  As  was  shown  above,  it  is  only  necessary  -to  compute 


the  capacitive  coupling  for  a  low-frequency 


cable 


Table  6-9*  Values  of  the  capacitive  coupling  and  asymmetry  j 

coefficients  in  cables VA)  Values  of  the-  coefficients. 
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In  high-frequency  cables,  the  interaction  is  deter¬ 
mined.  by  the  capacitive  and  inductive  couplings  acting  to¬ 


gether  ♦  In  this  case,  therefore ,  it  is  necessary  to  use 
[the  quantities  k  and  m6  In  the  designations  for  the 


inductive  coupling,  analogous  indices  are  used 5  sines  high- 
;  frequency  loops  do  not  use  phantom  circuits,  in  celculat- 
lions  for  HF  cables,  only  and  k^  through  are  used  in 


addition  to  and  through  m1J?« 

6«^pB0SS -TALK  ATTENUATION  IN  LONG  CABLE  LINKS 

The  concepts  and  calculations!  formulas  presented 


above  are  relevant  to  short  sections  of  a 


cable  circuit 


4o4 


I 


on  the  order  of  shipping  length,  j 

>--For  practical  .purposes*  it  is  important  to'  establish 
the  laws  for  the  •  •  interaction  and  the  magnitudes  of  till 

cross-talk  attenuations  in  long  lines*  I 
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| Fig*  6-19*  Interaction  of  cable  circuits  several . shipping-  j 

1  length  sections  long,  e)  Naar-end  effect?  b)  fair-end  effect!* 
I  •  >  ...  ■  '  ( 

j  At  the  present  time,  the  interaction  effect  in  a  | 

|  long  cable  line  is  assumed  to  equal  the  geometric  sum  of  the 
I  'f  'interactions  of  its  individual  sections*  The  use' of 
the  geometric,  rather  than  the  arithmetic, sum  explains  why  : 
for  cable  lines,  in  contrast  to  serial  lines,  the  phases 
of  the  interaction  currents  leaving  the  various  sections  of 
[the  cables  are  not  known. 

Thus ,  adding  the  transferred  currants  of  the  indiv- 

■ 

jidual  cable  sections  geometrically,  we  obtains 
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|  The  difference  in  the  addition  of  the  inter-  j 

|  action  currents  at  the  near  end  far  ends  in  illustrated  in  j 

f  Fig*  6-19 o  j 

j  j 

j  A  consideration  of  the  interaction  at  the  far  end  I 

|  | 

{  shows  that  the  current  elements  flowing  from  each  j 

j  j 

|  shipping-length  section  of  the  cable  traverse  practical?  I 
i  '  .  "  \ 

|  the  sane  path  and  are  identically  attenuated.  For  Interact -I 
] ion  at  the  near  end,  the  currents  leaving  the  various  cable! 

j  ”  j 

|  sections  are  not  the  same ,  since  the  further  from  the  input] 

j  \ 

|  the  ca frXo  section  i  s  .  located 5  the  grnaies*  the  at ter.ua ti oa  \ 

I  .  S 

| of  the  current  leaving  each  section*  ;  f 

i  ' 

The  'resultant  ante rfo-ren co-current  element  (due  I 

to  capacitive  and  inductive  coupling),  flowing  from,  the  k-t|: 

j 

section  of  the  line  to  the  1  trout  of  the  circuit,  canal  os  I 

I 

an.  interaction,  may  be  represented  at  the  and  of  the  line  1 

ass  | 

i. 

:  20  ’v  K  \  ; 

{ 

Where  Ij  is  the  currant  at  the  input  of  the  disturbing  loop 
[S^&Cn-l)  is  the  attenuation  of  the  first  and  second  loops 
thenselves  over  the  distance  from  the  input  to 
the  k-th  section  of  the  line } 


Bq  is  the  cross-talk  attenuation  between  the  first 
.  and  second  circuits  for  a  standard  (shipping) 
length  of  cable  % 

P  is  the  linear  attenuation *  nepers/kaij  • 
s  is  the  shipping  length  of  the  cable*  km 5 
*  n  is  the  total  number  of  sections. 

Using  the  .laws  for  the  geometric  addition  of  ele- 

/  '  ' 

ments  of  current,  we  obtain  the  total  interference  current 
at  the  near,  end  of  the  second  circuit 


Hence  the  cross- talk  attenuation  for  a  long  cable  at  the 
near  end.  is 


ho  ? 
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On.,  the  'basis  of  the  law  of  geometrical  progressions] 
•  it  is  >poesibi€i  to  represent  the  second  ter®  cf  (6-30)  ns  2 
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then. 5  disregarding  the  quantity  0s  as 
comparison  with  jfcis,  we  obtains 


negligible  in 


Bon  r-_;  s»— ln  +  N  - 


(6-31)1 

cable  line 


where  pns  is  the  attenuation  of  the  entire 
itself. 

It  is  not  hard  to  show  that  for  a  short  lino 5 
where  20ns  <0.2 


^0-:  “r^*A—  lr.  l/h.  • 


(6-32) 


F 


or  a  long  line,  where  2pns  >3* 


BCfi  =  4  + 


(6-33) 

Since  the  quantity  is  less  than  one,  Bq* 

Figure  6-20  shows  the  dependence  of  the  near-end 
cross-talk  attenuation  on  tha  length  of  the  cable  line 
(the  number  of  shipping-length  cable  sections).  The  figure 
makes  it  clear  that  decreases  as  the  line  becomes 
(longer .  but  at  some  particular  length  becomes  stable  and 
remains  eonsl  to 
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i'he  formula  for  computing  the  cross -talk'  sttenuatiorf 

f 

at  the  near  end  of  a  long  line  (6-33)  can  be  represented  j 
in  another  form*  Since  B0  »  In  |2/wSK^  ,  then  •  I 


!  2  i 


(6-34  y>. 


I  With  respect  .to  inters otioc  at  the  fsr  and*  the  \ 

I  "  \ 

interference-current  element  1^* leading  any  -shipping-  . 

1  '  -  ’  I 

|  length-  .section  of  the  cable,  sees  practically  the  1 
j  '  ■  i 

|saae  attenuation,  and  may  be  expressed  ass  I' 

I  1  t*  ^  f  frl**  f8t  ! 

I  'I 

| where  •  I,  is  the  current  in  the  Input  of  the  disturbing  1 

I  ! 

|  circuit  5  j 

|  pns  is  the  attenuation  of  the  entire  cable  circuit  it«| 

\  f  i 

I  self;  j 

|  .  • 

|  is  the  cross-talk  attenuation  between  the  first-  j 

[  ■  .  j: 

f  and  second  circuits  per  standard  (shipping)  sec-  I 

I 

tion  of  the  cable,  l 

.  j 

^he  resultant  •  - . interference  current  flowing  at  the 
far  end  of  the  second  circuit  and  equal  to  the  geometric 


isura  of  the  elementary  currents  1st 


1 

f 


where  n  is  the  total  number  of  sections (  shipping  lengths 
of'  cable)* 

®he  cross-talk  attenuation  at  the  far  end  of  the 
entire  cable  circuit  will  thus  be? 

^ir>.  ~~~  ^  77*  ^  (6-351 

1  L-i  m 

j  here  1 nvn  acts  to  decrease  the  cross -talk  attenuation.  as 
the  length  of  the  line  increases, 

i  Up  to  a  certain  length  of  13ne,#  ln*/n  has  little 

I 

|  effect »  so  that  at  fir  at  B-.  drops  i  then,  owing  to  the  , 
increasing  attenuation  of  the.  line  itself  ,  it  sharply 
rises. 

When  the  line  is  not  too  long,  the  quantities 

and  B1n  are  nearly  equal,  while  for  repeater  -  sections  of 
|  ***** 

cable  circuits  (pass  =  h  to  6  nepers )  the  cross-talk  attenu¬ 
ation  is  always  greater  at  the  far  end  than  at  the  near  end. 
This  is  confirmed  by  Table  6-10,  which  gives  the  results 
I  of  measurements  of  cross-talk  attenuation  for  92 -km  cable 


lines  consisting  of  368  shipping  lengths  of  250  m  each# 

Thus,  cable  communications  circuits  should  be  used 
with  a  system  under  which  the  quality  of  communication  is 
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(6-37; 


|  The  interference  resistance  of  a  shipping -length 

j  cable ,  where  the  attexitmfcion  of  the  line  itself  £*y  b®  0 
!  regarded,  equals  the  cross-talk  attenuation  at  the  far 
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|  As  the  length  of  the  line  increase,  the  resistance 

of  the  cable  circuit  decreases  according  to  the  iriv/n  law* 
As  the  frequency  increases ,  the  quantity  decreases, 

I  following  an  approximately  log.aritte.ic  law  (Table  6~10>« 
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Table  6-10*  Results  of 'measurement  of  the  cross-talk  atten¬ 
uation  of  a.  92-km  long  cable  (in  nepers)*  A)  Frequency, cps $ 
B)  Near  -eiid  cross-talk  attenuation \  C )  Par-end  cross-talk  . 
attenuatlosif  B)  Circuit  resistance  to  noise ;  E)  Attenuation  • 
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6-8*  OCX  STANDARDS  FOR  INTERFERENCE  REJECTION  ON  LONG. 


LINE  CABLES 


The  Internet Ion  Consultative  Committee  (CCI)  has 
standardized  the  following  quantities  for  capacitive  and 
inductive  coupling  and  cross-talk  attenuation  on  low-fre¬ 
quency  (up  to  3,000  cps)  and  high-frequency  (up  to  60,000 
cps  and  above)  .  •  cable  links* 


i»  The  capacitive-coupling  coefficient  and  the  capa¬ 
citive  unbalance  for  a  shipping-length. section  of  .cable 


‘**m:sM#&- !tf«^*7..i»w  V. :  * 


fe$0  m  long,  measured  at  a  frequency  of  800  cps,  should  not  [ 


exceed  the  values  shown  in  Table  6-11. 

Table  6-11.  Values  of  capacitive  coupling  and  capa¬ 
citive  unbalance  coefficients  for  low- frequency 
cables.  A)  coefficient ;  E)  quad  relationship; 

C)  circuits;  E)  values  of  capacitive  coupling 
and  unbalance j  E)  mean,  uuf;  P)  maximum,  uuf; 

(?)  within  the  quads;  K)  pby  si  cal  /physical ;  I) 

Phan tom/physi cal;  J)  physical/ground;  K)  phantom/ 
ground;  L)  between  quads;  M)  physical/physical; 

!?)  phantom/physic&l ;  0)  phantom/phantcm.- 
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For  high-frequency  multiplexed  cables,  the  caps 


jcitive  coupling  and  capacitive  unbalance  coefficients,  mea-j 
sured  at'  800  cps,  on  a  shipping-length  cable  230  m.  long,  j 


*  i  / 

(I  should  not  exceed  the  values  shown  in  Table  6-12 


H  i 

|  Table  6«12*  Values' of  Capacitive  couplir#  coefficients 

i  I 

1 1  for  nigh-frequency  cables.  A)  Coefficient**  B)  Between  cir~f 
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If  the  shipping  length  of  the  cable  X  /S  230  then 
the  capacitive  coupling  values  should  not  exceed  the  values 
determined  by  means  of  the  following  corrections? 

a)  The  mean  values  k^  k,,  k$mQ9  k^  are  multi¬ 
plied  by  yi7230T 

«w» 

b,f  The  maximum  va&ues  k^ s  k^g,  ^9-1 ?s  and  also 
the  mean  and  maximum  values  of  k2,  k^  e-,  e3,  e^  ere 
multiplied  by  1/230. 

»«W 

3 »  inductive-coupling  coefficients  in  high- 
frequency  cable  links,  measured  at  5,000  cps  on  a  shipping- 

length  (230  m)  line,  should  not  exceed  the  values  shown  in 
Table « 6 -13 o  .  f 

4«  In  an  assembled  cable,  the  values  of  the  capa¬ 
citive  coupling  and  the  capacitive  unbalance,  measured  at 
800  cps  over  a  distance  equal  to  the  coil-loading  spacing, 

|  &li°uid  «ot  exceed  the  values  shown  in  Table  6-1 

5»  *or  shipping-length  sections ,  the  resistive  un¬ 
balance  of  conductors  should  not  exceed  1%< 

In  assembled  cables,  the  resistive  unbalance  of  the 
conductor*  within  ohe  coil-loading  spacing  should  not  ex¬ 
ceed  0,25^0 


|  2’aMe  6-13.  Values  of  Inductive-coupling '  coefficients*  1 

if  „ .  -  * 

j  A)  Coefficient |  B)  Between  circuits  $  C)  Values  of  inductive 

|  coupling,  millimicrohentys 5  D)  Means  E>  Maximum}  F)  Be- 

:  tween  circuits  of  a  single  quad}  0)  Between  -  circuits  of  ad-  j 

jacent  quads  with  the  sane  lay}  H)  Between  circuits  of  ncn4 

I  adjacent  quads  with  the  same  lays  I)  Between  circuits  of  f 

j  l 

j  quads  of  adjacent  layers®  j 
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Table  5~.lV*  Values  of  the  capacitive  cot?p3 in*  and  caua-  I 

i  •  ....  j 

j  citive  unbalance  cosi'ficior.ts  for  aaresr.bj.cd  cables  of  j 

|  high-  and  3ow~?reqUency  lirJ?s«  A)  Coefficient  3  B)  Between  | 

j  i 

j  circuits 5  C)  Values  of  capacitive  coupling  ani  urfcfJcrce.,  I 

'i 

f  *  1 

|  %  D)  Weatij  E)  Maximum?  F)  Phy slot  1/physS. cal $  G)  Phan-  j 

| tcm/phystoC |  H>  Ph/slcal/^roand j  l\  Phantom/.^rourjd |  J)  j 

j  Physics, 1/physlorhf  |  K)  Fhaiitow/phystoal  5  L)  Kwt:.  tca/phantcai 

l  , 


j  Ko»cJ^J£Uuc:?tw 
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The  percentage  imbalance  can  be  computed  from  the  | 


x  allowing  formula i 


~r-=~ *z£  t/mo/ 

Kl~&6  /9t 


(6-39 1 


where  Ra  end  are  the  respective  resistances  of  the  cir¬ 
cuit  conductors , 

6*  The'  deviation  of  the  effective  capacitance  from 

the  mean  value  over  a  shipping-length  section'  should  not 

*•  .< 

exceed  4#  (average)  and  12,5/1  (maximum). 

In  an.  'assembled  cable  ,  the  deviation  of  the  effec¬ 
tive  •  capacitance  over  the  '  •  coil-loading  -  'spacing 
should  not  exceed  0,8#  (average)  and  2%  (maximum),'  . 

She 'percent  capacitive  deviation  is  computed  acccrt 


lag  to  the  formula 


c_  --  c. 


where  C  is  the  actual  capacitance  of  the  circuit ; 

CD  is  the  nominal  (average  for  all  circuits)  capaci¬ 
tance  * 

7«  The  resistance  to  mutual  interference  (the  dif¬ 
ference  in  level  between  the  useful  signal  and  the  inter¬ 
ference)  over  the  entire  range  of  frequencies  transmitted 
for  a  repeater  section,  should  not  fall  below  the  values 
shorn  in  Table  6~l5*  •  • 


6 


.Table  6-1.5*  Standard?  for  noise-resistance  B?2> 
in  nepers,  for  a  repeater  section  of  trunk  cable, 
A)  Type  of  link;  B)  Resistance  B nepers.;  C) 

Two -wire  circuit;  D)  Pour-wire  circuit;  E)  Radio 
broadcast  circuit. 


Qj-\*  B'i,t  cp»s;f 


^/.iByiTipoBo^Haa  oen^  .  .  . 
^  HeTwpcinpoBojiritafi  uenh  .  . 
(s)  p£AH0Beiij.aTeflbf?a8  uenu  .  .  i 


7.5 

8.5 


Vl9  b  “ 
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I  The  dboS&^iaifc  attenuation  &t  the  f&b  and  hear  fends*  ? 

i  ;.  '  ....  V  i 

!®in  ^d  %h>  £&'P6*ht6iy  sue uid  net  be  ie&s  than  the  sum  of  ] 

I  the  interfebetibe  assistance  B,«  ahd  the  Circuit  afctettU&tidtfi 

i  '  id  l 


|  Bfc  TSS  I 

I  •.•'!•  :  (6-41)  I 

|  .  ,  ...  ....  '  "  .  ....  •  .;  ...  .  I 

I  It  It-  is  rie'dese&ry  to  define  the  Standard  idtfeb-  | 

jfebehed  resistance  Bfg  fob  Shipping  Ob  dtheb  lengths-  Of  | 
feafele  1 .  >  the  ebnvebSidni  16  Gabbled  but  on  the  basis  Of  thei 

\  ‘ — 5S;  -  *  I 


law  for  geometric  addition  Of  inteb&ction  currents  from  [ 

i 

. .  ,  f 

the  individual  cable  Sections!  i 


§fes*%  +  ftt  |/ 


(6 -Up.) 


jwhebd  B|g  is  the  bfeSiSidhCe  fed  interference  for  the  de 

I  finbd  section  of  cable!- 

B|g  iS  the  b§Sibt§nce  tb  interference  fob  &  rfe~ 

pedteb  Section  (See  Table  8*4*5)  1 

.1..  ..  is  the  length  of  the  bepeatib  section! 

-y  iy 

1-  IS  the  length  of  the  defined  cable  Section* 


*  *rjm/y<Xv.  ’■  *.*•&***■?*  hpmdUi’M&tsf,-  -■ 
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6-9.  THE  CHARACTERISTIC  COUPLING  RATIOS  AMD  THEIR 
EFFECT  ON  THE  CABIE  CROSS-TALK  ATTENUATION 

It  has  been  established  that  in  cables  there  is  a 


definite  relationship  between  the  inductive  and  capacitive 


couplings*  It  depends  upon  the  type  of  twist,  and  is  called 
the  characteristic  ratios 
x  *  ki-jAj  C henry s/farad]. 

Any  deviation  of  x  from  the  standard  values  indicates 
a  defect  in  the  design  or  construction  of  the  cable 

lay-up.  In  particular,  in  spiral-lay  cable,  the  character¬ 
istic  ratio  has  the  following  value. 


Table  6-16.  A)  Frequency,  cps$  B)  (Henrys/farad ]  5  C) 
Cable  with  styroflex  insulation^  D)  Cable  with' paper  in¬ 
sulation*  -  1 


m. 


tH 


\ 

Mrcrota,  j 
H2l\ 

i) 

A 

. . 

Katic.ih  co  CTifpcjjMeKciicft 

MftO.HIUHcflf 

Ka6c.iL  c  CyMawHofi 
/ji,\  W30.1fiU«ca 

i 

1 

0,3 

8  000-8  000 

7  000-9  000 

13,5 

6000-7  000 

6  000— -8  000 

60,0  | 

i 

5  000-6  000 

6000—7000 

1 

As  the  frequency  increases,  the  characteristic  ratio 
drops,  owing  to  the  decreasing  value  of  the  inductive  coup-- 
ling.  | 

Xn  DP  twist  cables,  the  characteristic  ratio  reaches  ] 


b21 


t 


10*000  to  15,000  henry a/far ad « 

:*X>.et  u's  consider  the  dependence  of  the  cross-talk 
attenuation  on  the  ratio  of  the  electrical  and  inductive 
coupling  coefficients!  for  clarity,  we  will  determine  not 
the  quantity  x  -  m^/kj ,  but  the  components  of  the  electro- 
magnetic  coupling  coefficients 


Kq  —  K^K, 

;<  =  k,  — 


m* 

V 

■t  c  m‘ 

Without  considering  the  in-phase  components  of 
coupling t  the  ratio  of  the  effective  inductive  coupling" 
£L  and  the  effective  capacitive  coupling  K,.  Is  expressed 

Hi  V 


K 


Kt 


K, 


Mi 

-ZJ 

\ 

4 


m  |  4  4 

k%  z*~~  z*° 


(0—V3  ) 


Keeping  in  mind  that  BQ "»  In  j  2/^KqI  9  while  the  coeffici¬ 
ent  Kq  -Ck-jA)  +  (m/Z2)j  we  obtain 


~Ba 


<*Z  (k 3  .  /W,\ 


I  2  [  4  1  z*)\ 

Where  there  is  no  inductive  coupling,  the  cross¬ 
talk  attenuation  is  determined  by  the  capacitive  coupling 
alone,  and  is  expressed  by  the  formula 

BOA  i mZ  j  toZky 

8 


! 


Where  there  is  no  capacitive  coupling,  the  cross, 
talk  attenuation  talaas  the  form 


e 


]  mt 

1  w*«. 

j  T‘Z* 

'-Im 

Dividing  the  quantity  0*"®®  by  and  e“^m  in 

turn,  we  have 

e~So  Bok~B»  m  4 

™  P  —  1  *4—  — -l  •  ——  ’2zt  I  -4—  U 

e~*ok  1  1  k}  z*  1  •  y* 

B, 


e~B*>  BOm~Do  ,  k,  7~  t 

=*  =>+3:4=  H-v 


8 


Wi 


^  ufia  r;q 

or,  after  taking  logs,  we  obtain  at  the  near  end 

S  — B0— la(14-j/); 


B.  -  B. 


0 m 


In 


(>+j) 


and  at  the  far  end  of  the  cable 

BU— Br—  In(l —  y) 


B 


lm 


A  =  ln(j~l) 


(b"»Mi  )! 


(Vi?) 


(6-46) 


(6-47) 


[where  the  quantities  and  B-^  are  the  cross-talk  attenu¬ 
ations  due  to  capacitive  coupling  alone  (where  there  is 
no  inductive  coupling )j 

^lm  are  ^IG  cross~'ta^  attenuations  for  in¬ 
ductive  coupling  alone; 
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W*  ***  ^  >  *«*lTJ*%-«*i*d 


■^tvw#:,iit^^'',,v  w4/W>.'  ***  *'  <fc  .’V%a 


bn  the  .coupling  ratio • y  (6-43)  in  cables.  The  figure  also 
j$l7ee  practical  values  of  y  for  cables  with  paper -cord  and 
letyrof lex-cord  insulation , 

t 

I  From  the  data  given,  it  follows  that; 

f 

/  X.  For  interaction  at  the  near  end  of  a  cable,  the 

{crons- talk  attenuation  drops  as  the  capacitive  or  inductive 
{coupling  increases. 

I 

!  2.  For  interaction  at  the  far  end  of  the  cable, 


{increasing  y  toward  one  gives  a.  positive  effect.  At  y  -  1, 


S 

I  the  Quantities  B- 


_  -  B-,  and.  B, ,  -  B,  approach  infinity.  In  ; 

lifi  X  xiC  1  ; 


I  this  case*  the  capacitive  and  inductive  coupling  cancel,  \ 

and  the  interaction  of  the  circuits  approaches  a  minimum.  | 

{ 

'  For  interaction  at  the  far  end,  the  cross-talk  at-  ? 
tenuation  is  greater  in  the  presence  of  both  couplings,  Bj , 

I  than  for  3-^  or  B^jn  alone.  ,  j 

-  -  ) 
At  the  values  y  =  0.5  and  y  =  2,  the  quantities 

Blm  Bi  and  Bjk  -  Bi  &re  eQual  t0  zero,  respectively,  | 
i.e.,  in  these  cases,  the  cross-talk  attenuation  with 

> 

both  couplings  acting  equals  the  cross -talk  attenuation  * 

f 

I  for  the  coupling  E,  or  B,,_  acting  alone.  \ 

|  Lm  L  h-  ( 

»  i 

3,  The  actual  values,  of  y  for  paper  cord  and  a  tyro-  ) 


|  flex  Insulation  are  1.2  and  1.6  respectively.  In  cable  • 

1  | 

I  with  sty  reflex  cord  insulation,  y  is  close  to  one,  which 

S  * 

gives  the  beet  cross-talk  attenuation  at  the  far  end.  I 


coupling  ratio*  1)  Where  m  and  k  have  the  same 'sign 5  2} 
where  m  and  k  have  differing  signs.  A)  Cable,  .with  styro*- 
flex  insulation ,  f  =  60  kc;  B)  Cable  with  paper  insulation, 
f  ~  60  kC0 

The  difference  between  the  cross-talk  attenuation 
of  cables  with  styroflex  and  paper  insulation  is;  a) 

0,1  to  0C4  nepers  at  the  near  endj  b)  Q£  to  0*75  at  the 
far  end* 


4e  From  the  point  of  view  of  decreasing  the  • 
interaction  at  the  near  end,  it  is  desirable  to  have 
y  equal  to  0,  for  -  Bq,  and  to  00  for  BQffi  -  Bq»  Mini- 
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muxs;  interaction  at  the  far  end  occurs  when  y  ~  1.  I 


Let  us  consider  the  relationship  between  Bq  and  B. 

I  — 

jand  decide  upon  the  most  advantageous  value  of  coupling 
f 

fat  the  far  and  near  ends  of  the  cable 

Ail  I 


L — 3n  — :  In 


»ZK> 


i  I 


\ov 


—in 
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\ZYkI 

r 

y*  _ 

1  1  -r  f 

"  1  - 

M.  \f 

*2* 

In 


tf, 

i  *  i 


(6-48) 


Bt-B0^lnkf 

'  4  ' 

Figure  6-22  gives  the  dependence  of  the  quantity 
Bi  -  Bq  on  j  for  both  like  and  unlike  signs  of  the  capa¬ 
citive  ana  Inductive  coupling  coefficients.  ,  It  is  clear 
from  the  figure  that  when  the  signs  are  the  same,  the 
crops-talk  attenuation  is  greater  et  the  far  end  than  at , 
the  near  end.,  1 . e . ,  -  Bq  >  1.  When  y  »  1,  the  quantity 

B^  -  Bq  is  theoretically  .equal  to  infinity  at  the  .far  ’end,  ; 
showing  that  the  capacitive  and  magnetic  coupling  cancel 
when  the  coefficients  have  the  same  sign.  j 

When  m,  and  k.,  have  unlike  signs,  the  curves  of 
11 


B-j  -  B^are  mirror  images  of  the  curves  of 


Bq  when 


the  signs  are  the  same. 

Since  in  the  g'reat  majority  of  cases  the  capacitive 
and  inductive  coupling  coefficients  have  the  same  sign, 
the  quantity  is  greater  than  Bq,  as  a  rule. 


. -’■"'Vi.-.  -  »»  -  ■*-  ,  .  1." rUWlfesiv.*  *•*  ••'"'•**' 

^Therefore,  it  is  necessary  to  give  preference  to  that  s;ys- 

I 

ftem  of  long-distance  cable  communication-  for  which  the 


uality  of  transmission  is  determined  by ' the  interaction 


sat  the  far  end 


6-10,  MEASURING  THE  ELECTROMAGNETIC  COUPLING  COEP 
-  ■  •  FICIENTS  DURING  THE  MANUFACTURING  PROCESS 


|  Let  us  consider  the  effect  of  various  production 

'operations  on  the  coupling  coefficients  in  .cables,  and 

} 

Ifind  the  degree  to  which  these  coefficients  change  during  \ 

j  j 

Jthe  manufacturing  process.  > 

i  „  '  | 

|  Table  5-17  gives  date  for  measurements  of  the  c&pa-  | 

jc.iti.ve  coupling  coefficients  for  cables  with  styroflex-  j 
| cord  insulation  (4  X  4)  during  the  manufacturing  process  f 

I  ■  I 

| (up  to  lay-up,  after  lay  up,  after  the  application  of  the  $ 

{  j 

(lead,  and  after  the  cable  has  been  armored) .  It  also  glvesj 

j the  values  of  the  effective  capacitance  of  cables,  { 

j  Figures- 6-23  and  6-24  show  static  diagrams  of  the 

I 

j  capacitive  coupling  k.^  and  the  inductive  coupling  np  in  j 

| type  32  X  2  insulated  cables  which,  for  these  measurements, j 

1  ■  .  i 

| were  30  shipping  lengths  long.  I 

[  '  I 

{  The  values  of  the  coupling  coefficients  are  plotted  j 

1  | 

| along  the  axis  of  abscissas,  and  the  percentage  of  quads  j 

|  I 

S whose  coupling  coefficients  fall  below  the  given  value  \ 

Jalong  the  axis  of  ordinates.  .  | 


I  The  diagrams  indicate  that  the  lead  covering  of  the 

cables  stabilizes  and  decreases  the  coupling  coefficients. 

J 

Thus,  where  before  lead -coating  the  percentage  of  quads  ha¬ 
ling  £  10  /u/4f  was  10$,  after  lead-coating,  it  increases 
to  48$, 

The  technical  requirements  with  respect  to  the  valued 
of  and  were  met  by  95-97%  of  paper-cord • insulated 
cables. 

It  is  also  clear  from  Table  6-17  that  the  lay  of  the  quads 
in  the  cable  also  decreases  the  capacitive  unbalance  In 
the  cable. 


After  the  lead  is  applied,  the  effective  capacitance! 
rises  0.4  to  1.5  mil limicro farads  per  kilometer.  | 

The  distribution  of  the  capacitive  coupling  coef¬ 
ficients  (k^,  *0^.12*  ej.)  *  haaed  on  the  of  200  meas¬ 

urements  on  shipping-length  sections  of  styroflex  cord 
ln.3ula.ted.  .cable., . la.  .shown  .ln...F.iga.«  ...6.-25  «....6..-=26Jt....an'l  6.-27 j 

Table  6-17.  Date  on  the  measurement  of  the  effective- 
capacitance  and  capacitive  coupling  coefficients  in  : 
quads  in  the  cable  manufacturing  process.  A)  Drum 
number;  B)  Quad  number:  C)  Fair  Number;  D) 
lay-up;  E)  After  lay-up;  F)  After  lead -coating; 

G)  After  armoring;  H)  Effective  capacitance,  mtlli- 
microfarads;  I)  Per  shipping  length;  j)  Pei'  km  of 
finished  cable;  K)  Intraquad  capacitive ' coupling1  ■  ; 

coefficient,  L)  Before  lay-up;  M)  After  lay-up;  | 

N)  After  lead-coating;  0)  After  armoring. 


Table  6-17 
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Ha 
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7,0  '  7,15 
7,05  |  7,15 

7,02  7,15 

7,07  7,07 

6,95  7,12 
7,0  .7,18 

6,9  7,26 

6,95  7,3 

6.97  |  7,35 
7,05  I  7,4 

6,88  7,3 

7,01  7,37 

7,1  |  7.35 
6.94  1\ 2 

7,0  ’  7,25 
7.02  7,25 

7,2 
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7,07 


!  27,6  \ 
!  27,75/ 
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j  27,8  / 
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!  28,3  / 

i  28,95  f 
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28,151 
28,9  / 
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1  i  —2  I  —0,5 


6  — 4  —10  i  —8,1 


6  —18  —26  18,5 


•!  30 


10  27,2 


25  27-  6  !  22,0 


11—10  : — 1  i 


•30  -10  — 3,2  —25 


36  1  6  —15 


39  —30‘ !  .  7,5’  24 


23  —4  /  —3,8.  —1,5 


.38  —7  • -12  ; — 28 


27  8  j  24,5'  39,5 


that  for  the  major!  ty  of  cables 


* 


.  1  ig «  6-23*  Static  curves  for  the?  coefficient  of  coupling, 
i!  ' 

;1)  After  application  of  lead;  2}  after  balancing;  3)  befor 

•balancing;  A) Technical  specification  standard  for  high- 

.frequency  quad;  B)  Technical  -specification  standard  for 


low-frequency  quad;  c)  Ml  or oral cro farad [the  Russian  here 
has  an  abbreviation  that  would  yield  » mi cromi croki lof arad ' 
i.f  taken  literally;  it  would  seem  to  be  a  typographical 
i  error] . 
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Frig*  6*24,  Static  curves  fdr  coupling  coefficient.  .1)  Af 
lead  has  been  applied!  2)  before  balancing |  A)  Technical 
specification  standard  for  high-frequency  qu&df  B.)  kilo- 
henrys  [another  apparent  error  %  most  HMy  should  read 
* millimicr ohenry s *  2® 

She  maximum  value  of  and  k^2  ^®0S  not  exceed 
15  to  3.6  fapf9  i.  e#>  they  do  not  -  exceed  the  standard  va 
for  those  cables  of  k^«£  25  ;.ipf  and  k^jp  ^  20  ppf* 

Repeated  winding  of  styrof lex-insulated  cable  on 
standard  drums  at  a  rate  of  15  to  25  meter s/minute  had  a 


negligible  effect  its  electrical  properties 
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Fig.  6-27.  Distribution  of  average  values  of  ground  cajaci- 

tlC6  C011Fling  coefficients  In  200  shipping -length  'sections. 
A)  Number  of  values j  B)  ppS d 

6~XX«  INDIRECT  INTERACTION  BETWEEN’  CIRCUITS 

Until  new,  we  have  considered  the  process  of  inter. 
iaCtioa  between  Circuits  in  somewhat  idealised  form,  since 
we  have  dealt  with  uniform  lines  with  matched  ...  loads 
at  the  ends*, 

Under  actual  conditions,  there  are  internal  honunl. 
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formities  in  the  cable,  individual  shipping  length  sections 
differ  somewhat  in  their  properties,  and  in  addition, 

I 

I  the  impedances  of  the  loads  at  the  ends  may  not  match  the 

I  ‘ 

wave  (characteristic )  impedance  of  the  cable  (2..  $  2)* 

!  ^P 

I  iJ-his  would  cause  wave  reflections’  at  the  points  of  electr¬ 
ical  mismatch. 


•Fig*  6-280  Interaction  between  circuits  owing ' to  mismatch 

between  the  load  impedance  2L„  and  the  wave  impedance  of 

rp 

•  che  cable,  2.  A )  1  eci  ® 

It  has  already  been  shown  that  the  presence  of  re¬ 
flections  involves  -a  ohangeC generally  an  increase)  in  the 
attenuation  of  the  cable  Itself,  end  is  associated  with 
distortion  of  the  signals  transmitted  over  the  cable. 

Cable  non uniformities  and  mismatches  with  equipment 


. ■■  '"*'r  /•  *  •-  '.(tsvar^.  **t*M*r.&s^iX*w>*  ">*#•***■*■-'' 

[lead  to  'the  appearance  of  additional  interaction  between  } 


ft  he  circuits  and  a  decrease  of  the  cross-talk  attenuation.  - 

I  ' 

fin  addition  to  interaction  due  to  nonuniformities,  it  is 

f  :  '  .  f 

jalso  possible-  for  energy  to  be  transferred  through  an  ad-  f 

t  ( 

jjacent  circuit.  Such  energy'  transfer  is  distinguished  f 

{from  direct  interaction  of  I  and  II  circuit's,  and  is  called. 
1  .  ;• 
jinteraction  through  a  third  circuit  ( I  . -  III  and  III  -  II) . j 

|  All  of  these  interactions  (due  to  line  non uniform-  j 

Ities,  load  mismatches,  and  through  a  third  circuit)  are,  | 

.  ”  f 

called  indirect  effects  to  distinguish  them  from  the  direct.] 

effects  which  vie  have  considered  previously.,  -  I 

Figure  6-28  shows  how  additional  interaction  arises  f 

-  ) 

between  -circuits  where  there  is  a  load  mismatch  ( Z  )  with  S 

'  np  | 

'the  wave  impedance  Z  of  the  cable  (z  /  z) .  '  ! 

r*  I 

The  electromagnetic  energy  appearing  at'  the  end  of  j 

| 

circuit  I  1 3  only  partially  transmitted  to  the  receiver,  t 

owing  to  the  load  mismatch;  part  of  it  is  reflected  back  j 

to  the  line  input.  j 

1 

The  reflected,  energy,  turned  back  along  circuit  I  t 

■  | 

on  account  of  the  capacitive  and  inductive  coupling  betweenj 

the  circuits,  is  in  part  transferred'  to  circuit  .II,  and  | 

i 

{appears  at  the  far  and  near  ends  in  the  form  of  a  noise  \ 


current. ■ 


Thus,  besides  tlie  current  resulting  from  direct 


■  -mm*#  vi«:«  -sjflwrJ/-:  '«>g **•*«•  i.4»*ST.-r  •"!:*.*•:•  t* -/iWMfset  !*#►«»« .\***». " H1**"-  ?*&****'•  •'•kfl'TAO-  WK.  -: 

jeffects,  there  is  additional  interaction  owing  to  the  re- 

i 

jf lection  of  energy  when  there  is  a  load  mismatch. 
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lPlg.  6  29.  Crone-talk  attenuation  as  a  function  of  load  j 

Impedance.  A)  Nepers ;  B)  cpsj  C)  cpej  D)  ohmB.  j 

! 

'A  similar  process  occurs  when  the  load  1e  mismatched'' 

» 

» 

to  the  cable  Z  at  the  input  and  output  ends  of  circuit  II.  \ 
The  larger  the  value  of  the  reflection  coefficient  j 

f 

i 

p,  the  more  interaction  between  the  circuits:  j 


Zn„,  -  2' 

f  . y,  _ 

r~z„f  +  2  * 


The  decrease  in  cross-talk  attenuation  occasioned  by! 

| 

reflections  is  characterized  by  the  mismatch  attenuation  • 

f 

j 

parameter  B  ; 

rtii  I 

f 


B 


'In 


ref 


IX 

- In  ^rtp  "**  Z 

i 

i 

,  i 

i  p 

Z  np  ^  1 

fc^-.r  f  -+  1  »■ V»  »»fH ***** -*•  »■ 

(6-49}  j 

...Whw*  UIMW w-  ww-u**-  >«««¥< 

■***  : 


I  According 

|  ‘  . 

jquency  circuits, 


to  the  existing  standards  for  hlgh-fre-  j 
the  reflection  coefficient  should  not  I 


t  gmv*v. 

texceed  1.25/y  f,  where  f  1b  the  frequency  in  kc. 

|  Figure  6-29  shows  the  results  of  measurements 

fcroBB-talk  impedance  for  shipping --length  sections  of 


of  the | 
l 

cable  | 


pith  paper-cord  insulation  for  various  load  impedances  at 
(the  ends  of  the  disturbing  and  disturbed  circuits  of  the 


f  .  j 

| cable 4  It  is  clear  from  Fig..  6-29  that  the  largest  value  | 

!  I 

jof  cross-talk  attenuation  is  obtained  when  the  loads  are  I 
patched  (at  f  =  60, COO  cps,  z  for  the  cable  is  182  ohms) ,  ] 

{Both  lowering  and  raising. the  load  impedance  lowers  the  \ 
cross-talk  attenuation.  Thus,  if  at  60,000  cps  with  a  mat-| 
ched  load,  B  -10.8  nepers,  then  at  Z  «'  100  ohms,'  B  will  I 

b  np  ■  ■  «  f 

have  a  value  of  only  7*7  nepers*  { 


Fig.  6-30,  Interaction  between  circuits  owing  to  internal 
nonunif amities  in  the  cable,  Z-.  §4  z.  A)  I  ,  B)  Point 
of  nonuniforniity.  x  rei 
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I  In  the  lower  frequency  region,  there  Is  a  still  t 

'"  \ 

sharper  change  in  the  value  of  the  cross-talk  attenuation  § 

(ming  to  load  mismatches. 

&  I 

l  The  additional  circuit  interaction  owing  to  cable  norb 

{  '  j 

[uniformities  arises  in  the  manner  considered  above. 


Here,  just  as  in  the  case  of  mismatching  of  the  load-; 


{impedance  to  the  wave  Impedance  of  the  cable  circuit  (z^  f-  j 

>  ,  I 

•25),  reflected  waves  appear  which  increase  the  interaction  ) 

j  | 

currents  of  the  circuits.  The  less  uniform  the  cable  is  I 

I  *  S 

{along  its  length,  the  greater  the  local  energy  reflections,! 

f 

and  the  greater  the  intercircuit  interference.  The  value  | 

}  | 

[of  cross-talk  attenuation  is  correspondingly  decreased.  .  | 

I  | 

[Additional  Interaction  at  the  far  and  near  ends  of  the  ,  j 

I 

second  circuit  owing  to  internal  non uniform! ties  in  the  [ 

{first  circuit  ( -  z)  is  illustrated  in  Fig.  S-SO. 

Let  us  consider  the  phenomenon  of  interaction  of 
circuits  I  and  II  due  to  the  presence  of  circuit  III. 

{  By  circuit  III,  we  mean  one  loop  or  another  lying 

in  the  Earn*  cable  a3  circuits  I  a.nd  II. 


As  can  be  seen  from  Fig.  6-31 *  the  disturbing  cir 


cult  I  induces  noise  currents  at-  the  near  and  far  ends  of  j 
circuit  III.  In  turn,  circuit  III  becomes  a  source  of  in-  1 


terferen-ce,  and  sets  up  noise 


currents  in  circuit  II. 


Thus,  the  Indirect  effect  of 


circuit  I 


j  on  circuit  II  takas  place  In  two  stages  (I  -  III  and  then  j 

I  HI  ~  II).  .  | 

!  | 

The  interaction  by  way'  of  circuit  III  shews  up  at 

both  the  near  and  far  ends  of  circuit  II?  it  has  been 

theoretically  and  experimentally  established,  however, 

that  most" of  the  noise  arrives  at  the  far  end  of  circuit 

I  II  by  way  of  the  far  end  of  circuit  III,  j 
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| fig*  6-31.  Interaction  of  circuits  I  and  II  by  way  of  a  j 
| third  circuit  HI.  A)  I  -  III  currents*  B)  in  .  II  current | 

|  These  indirect  effects  are  added  to  the  currents  d  tie  j 
| to  the  direct  effects,  and  decrease  the  interference,  re-  j 
isistance  of  the  circuits.'  I 
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l  | 

|  The  resultant  noise  current  in  circuit  II  (the  die-  j 

[turban  ce)  .will  be;  ! 


! 

\ 

at 

the 

neai 

c*  end 

•«  4=4rf 4+4  +  4! 

* 

\ 

f 

at 

the 

far 

ends 

Kj 

J-.-/  JL/!!  __L 
t  *21  l  f  *'2l  * 

i 

) 

\ 

i* 

khere 

2 

I20 

and 

T 

21 

are 

the 

direct  effect  currents; 

t 

i 

! 

t 

I 

x20 

and. 

rl 

J,21 

are 

the 

i n t e r a cti on  cur re n t s 

due 

to 

load  j 

1 

J 

Ti.d  smatch 

tec; 

5 

i 

1 

I 

..II 

x20 

and 

TII 

21 

are 

the 

interact! on  currents 

due 

to 

i 

in-  | 

ternal  nonuni form! ties  of  the  cable; 

_  X  ‘f  T  TJX  i 

I2o'“  and  Tgi  &re  the  interaction  currents  through  i 
circuit  III.  | 

i 

;? 

The  values  of  the  cross-talk  attenuation -at  the  near! 


ana  far  ends  of  the  cable*  Bq  and  decrease  correspondingly. 

In  addition  to  decreasing  the  cross-talk  attenuation^  • 

the  indirect  interaction  distorts  its  frequency  dependence*! 

; 

and  upsets  the  reciprocity  of  the  interaction  of  circuits  i 

;  ■ .  I 

1  and  II*  While  under  direct  interaction*  the  cross-talk  j 

attenuation  between  circuits  I  and  II*  Bj^,  numerically 

equals  the  cross- talk  attenuation  between  II  and  J,  i 

i.i/I  j 


in.  the  presence  of  indirect  effects*  this  equality  is  de-  | 

l 

stroyed*  and.  /  ^xx/V  I 

Figure  6-32  shows  the  cross-talk  attenuation  between! 


circuits  I  and  II 'With  and  without  indirect  Interaction 
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Fig®  6-32.  Drop  in  cro3s-talfc  attenuation  owing  to  indirect 
effects*  B— “direct  cros^-talfc  attenuation; 

Bjj/j-- Cross-talk  attenuation  in  the  -/  presence  of 

indirect  effects.  A)  nepers  ;  B)  kc© 


6-12®  INTERACTION  IN  COIL-LOADED  CIRCUITS  ’  | 

Coil  loading  of  cable  circuits  changes  the  ratio 
of  the  electromagnetic  coupling  coefficients  Kq  and  and 

has  a  substantial  effect  on  the  value  of  the  cross-talk  j 

.  > 

attenuation®  j 

In  Figs0  6-33  and. 6-34,  graphs  are  presented  for  the! 


r-iwartssr  ar* iff!:  ■  a**-,^*-  *rt*jr»<a^1*«s:*r  ■*&*&*•' ■  V‘- 


Variation  with  frequency  of  the  electromagnetic  coupling 


.,  » 

coefficients  and  the  cross-talk  attenuation  at  the  near  and t 

f 

>far  ends  of  styroflex  cord  insulated  cables  with  and  without 

j  ’  i 

(coil  loading.  -  < 

!•  j 

From  these  graphs,  it  follows  that: 

*  J 

|  1.  The  electromagnetic  coupling  coefficient  at  the  \ 

I  •  ; 

Inear  end,  Kq,  decreases  as  a  result  of  coil  loading ,  while  | 


jof  this,  the  effective  inductive  coupling  K  is  negligible, j 
land  all  of.  the  interaction  is  'determined  chiefly  [siej  by  l 
[the  capacitive  coupling. 
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| 

|j?ig«  6-34,  The  frequency  of  the  cross-talk  attenuation  of  f 

|  coll -loaded  (- . -  •)  ,-and  non -coll -loaded  ( — — }  cables!, 

|  | 

|  A)  nepers |  .  B)  kc ,  1 

|  As  a  result.,  the  electromagnetic  coupling  coefflci-  | 

i  5 

|  ■  1 
j  ente  at  the  near  and  far  ends  of  the  cable  approach  the  { 

5 value  i>fc.  »r  ,r  f*  5 

Xe-  a()R»  Kt**  C  !a.-  .  | 

I 

j  2,  The  cross-talk  attenuation  of  coil-loaded  cables  | 

I  is  less  than  that  of  non-loaded  cables,  and  as  the  degree  j 
of  loading  Is  Increased,  the  attenuation  decreases,  as  is  j 

!  '  ,  ■  ,  I 

I  confirmed  by  the  expression  B  «  In  {  2/wSK  j .  f 

.  I 

Since  the  Wave  impedance  of  a  loaded  cable  is  | 
greater  than  the  Z  of  the  nonloaded  cable,  the  difference  I 


~vs*. --itf ■■  s'  jiW^vvw.'  ■**'*“  '■'*#*.**  Yrffcw^t*  r*. 


SiftAe*  cwjjsb 


•atb*!  v*<tr*??  mrurM  wk*^ 


.  *r-rtto.’4sc=-‘ 


.between  the  values  E,  and  B  of  cross-talk  attenuation  in 
I  >■  '  JL  ■ 


[these  cable  a  i&  approximately 


a— £L= -iii 

\m*t> 4U+  | 


|  V  5  I  (6-50)  j 

jjwhere  quantities  with  the  Index  1_  refer  to  the  loaded  cable , 

j  The  difference  in  cross-talk  attenuation  in  the  non-! 

I  ! 

| loaded  and  loaded  cables  is  especially  .noticeable  at  the  j 

i  j 

| far  end.  The  value  of  B,  is  1.0  to  2.0  nepers  less  for  | 

[-  —  i 

j the  loaded  cable.  This  is  explained  by  the  fact  that  in.  i 

I  the  non loaded  cable,  since  the  capacitive  and  inductive  | 

couplings  at  the  far  end  are  about  the  same,,  the  couplings  j 

;  1 

; tend  to  cancel,  and  the  quantity  K.  is  comparatively  small. j 

— *  •  I 

In  loaded  cables,  the  capacitive  and  inductive  »  j 

I 

'couplings  are  no  longer  equal  (the  value  of  C^g  is  con-  j 

O  j; 

elder able  more  than  Mjg/iS  ),  which  raises  the  electromag¬ 
netic  coupling  coefficient  K]  and  accordingly  lowers  the 
; cross-talk  attenuation.  The  higher  the  magnitude  of  the 
square  of  the  ratio  of  the  absolute  values  of  the  wave 

l  1 

;j  2  >  I 

impedances  of  the  loaded  and  non  loaded  circuits,  (Z-^/Z)  ,  j 

it 

the  more  this  is  true.  I 

I 

Our  conclusions  are  completely  supported  by  the  > 

i  I 

(experimental  data  obtained  as  a  result  of  measuring  an  ,  J 
1 experimental  section  of  loaded  (z^  ~  700  ohms)  and  non-  I 
| loaded  (z  -  250  ohms)  line,  30  km  long  (Table  6-18) .  f 


j 


The  difference  in  the  cross-talk  attenuation  of 


o&ded  and  non loaded  loops  amounts  on  the  average  to  0*8 
jto  1.2  nepers,  which  sets  severe  requirements  for  the  syra-  i 

i  k 

jmetry  of  cable  lay-up  and  the  electromagnetic "coupling  co-  { 

j  •  .  { 

(efficients  of  loaded  cables,'  It  is  especially  important  to| 
? 

^  t 

[obtain  email  capacitive  coupling  coefficients.  Thus,  al-  ; 
\  ' 

(though  the  existing  standards  for,  low-frequency  cables  I 

i  ^  j 

fallow  C  to  equal  40  to  IbO pftt  per  shipping-length  section, f 

i  | 

[for  cables  multiplexed  over  a  band  width  of  up  to  60,000  i 

fops,  0  should  not  exceed  5  to  10  /tp?  per  shipping-length  j 

! section.  It  is  difficult  to  provide  this  kind*  of  balance  j 

|  | 

funder  industrial  conditions,  and  therefore  trunk  cables  k 


are  specially  balanced  while  they  are  being  assembled  and  f 


laid 


5  ....  .  •  _  j. 

frable... 5-1^1  Cross-talk  attenuation  (in  nepers),  measured  | 

ijsetween  circuit svpf  a  30 ""km  long  cable..  A)  Frequency,  Lc,  j 
Cross-talk  attenuation  at  the  near  end,  BQ1;  C)  without 


with. coil  loading}  E)  Interference  resis¬ 
tance  at  "the' far  end,  B12j  F) without  coil  loading;  0)  with 
||coil  loading;  H)  Attenuation  of  the  circuit  Itself,  fi  *n  »sj 


|l)  without  coll  loading;  J)  with  coil  loading; 
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I  6-13.  FUNDAMENTAL  CONCEPTS  OF  CABLE  LAY-UP  -  j 

{  •"  *  I 

\  The  Interaction  of  cable  circuits  and  the  electro-  f 

y  * 

*,  •{ 

fmagnetic  coupling  coefficients  depend  upon  the  configura-  ] 

i  1  .  .  I 

Ition  of  the  current-carrying  conductors,  which  is  deter-  | 

f  .  '  j 

{mined  by  the  method  by  which  they  are  twisted  in  the  .caole,$ 
f  I 

| and  upon  irregularities  in  manufacture  (varying  conductor  | 

I± 

diameter.  Insulation  which  is  not  uniform,  etc.);  these  f 

{  •  • 

fare  factors  which  can  almost  never  be  allowed  for  in  advancfe 

i  i 


I «« 


i  [  y 


{Fig.  6-35.  Configuration  of  disturbing  and  disturbed  elr- 
jcults,  a)  General  lay-dp;  b)  star  quadding .  A)  circuit  ij 
!B)  circuit  II;  C)  circuit  I;  D)  circuit'll. 


(  'When  conductors  are  laid  up  Into  groups  (  pairs., 

s tar quad 9,  double  pairs,  double  starquads).  and  the  groups 

are  laid  up  Into  layers  and  into  a  common  core  for  a  cable 

there  arises  the  problem  of  decreasing  the  electromagnetic 

couplings  and  interactions  between  the  cable  circuits. 

* 

The  following  types  of  coupling  exist  in  cable 
circuits i 

a)  coupling  within  the  group  (coupling  between  the 
circuits  of  one  or  another  group), 

b)  adjacent  coupling  (coupling  between  the  circuits 
of  different  groups,  which  arc  located  within. one  layer), 

c )  interlayer  couplings  (coupling  between  the  cir- 
| cults  of  groups  that  are  located  in  different  layers). 

The  capacitive  and  inductive  coupling  coefficients 
are  expressed  in  terms  of  the  distance  between  the  disturb¬ 
ing  (1-2)  and  disturbed  (3-4)  circuits  by  the  following  re¬ 
lationships  (Fig.  6~35a ) 

Inductive  coupling 


m^r.N  An 

1  rVirn> 


(6-51) 


capaciti ve  coupling 


/  h - h!  C  C  hi  r*4  rJ& 

■'  k  A  31"  1 T-  34 *  n  s  f  » 


(6-52)  | 


| where  r  is  the  distance  between  conductors  with  the  cor- 
I  responding  indices; 

N,  and  Ng-  are  coefficients  of .  proportionality,  depending 
upon  the  insulating  medium)  • 

jc^p  and  are  the  capacitances  between  the  conductors 
[having  the  corresponding  indices. 

:  It  is  clear  from  Formulas  (6-51)  and  (6-52)  that 

|  the  capacitive  and  inductive  couplings  ' are  proportional  to 
one  another)  therefore  it  is  possible. to  decrease  them  si¬ 
multaneously  by  using  an  appropriate  configuration  of  the 
Wires, 

j  '* 

I  There  will  be  no  capacitive  and  inductive'  coupling 


when  the  following  condition  is  fulfilled 


.Mil 


? is  r 34 


0. 


(6-53) 


In  order  for  this  condition  to  be  fulfilled,  it  is 


{necessary  that 


br 


ru—ru  *  rn  =  f 24 

f  —  f  24  n  r 2%  — *-  f  j;) 


(6-54) 


It  is  also  sufficient 'that  the  following  equality 


holds 


(6-55)  i 


It  is  very  easily  seer  that  this  condition  is  auto- 
matically  satisfied  by  spiral  twisting,  where  the  disturb¬ 
ing  circuits  (conductors  1-2)  and  the  disturbed  circuit 
(conductors  3-4),  are  located  on  mutually  perpendicular  ; 
.axes  (Fig;  6-35b). 

j  Since  in  this  case  the  distances  are  equal  (r^  s  j 

| 

m  r*-j  j, )  wire  1  has  the  same  effect  on  both  wire  3  and.  wire  j 
4.  Thus  in  wires  3  and  4  the  currents  due  to  a  single 
source  of  interaction  will  flow  In  opposite  directions,  • 
and  the  resultant  noise  currents  in  circuit  3-4  will  be 
zero.  Wire  2  also  has  no  effect  upon  circuit  3-4,  as  this 
condition  holds  independently  of  the  length  of  the  lay. 


r-p' 


J 


m  v* 
*1  i 


5 

|Fig.  6-36.  Lateral  symmetry  method  of  layup,  a)  First  con¬ 
figuration  j  b)  second  configuration;  c)  third  configuration 


In  principle  spiral  twis 


of  the  conductors  of  a 


[quad  guarantees  the  absence  of  intragroup  coupling  (between 
[circuit  1-2  and.  circuit  3-4).  When  this  type  of  layup  is 


[used  coupling  within  the  group  can  occur  only  where  there 


are  variations  and  nonuniformities  in  the  manufacturing 


l  characteristics,  and  cannot  be  due  to  the  length  of  lay  of 
l 

the  quad. 

|  Coupling  between  spiral  quads  (adjacent. coupling)  • 

■  ■  i 

I  depends  to  a  large  degree  on  the  relationship  of  the  quad  i 


lays 


In  all  the  remaining  configurations  (double  pair. 


double  spiral  auad,  and  paired  groupings),  the  distance  be 

'  j 

tween  the  conductors  of  the  disturbing  and  disturbed  cir-  ! 

.  } 

cults  varies  continuously  along  the*  cable,  and  in  order  to  j 

j 

achieve  the  minimum  interaction  special  matching  of  the  I 

•  I 

lays  Is  required.  This  Is  true  for  both  interaction  with  I 

I 

any  group  and  between  groups/  .  I 


There  are  two  possible  'methods  for  matching  the 
lays  and:/;,  fulfilling  the  condition  r^r^  «  r^r^s  1) 
the  lateral  ejTttmetry  method  and  2)  the  longitudinal  sym- 
me try  method. 

Lateral  symmetry  of  conductors  is 'achieved  by 
twisting  the  disturbing  and  disturbed  circuits  with  the 
same  lay  but  with  a  90°  phase  shift. 

As  can  be  seen  from  Pig.  6-36,  In  this  case  at  any 
given  moment  circuits  I  and II  are  located  on  mutually  per¬ 
pendicular  axes,  which  guarantees  that  the  equality  r1  ^rgi^ 
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ik  r12r23  will  hold.,  and  the  interaction  between  the  •  circuitp 
will  be  reduced  to  a  minimum.  This  method  ha 3  not  re¬ 
ceived  wide  application  since  it  is  exceptionally  incon¬ 
venient  in  the  manufacturing  process  and  useless  when  a 
| large  number  of  circuits  are  involved.  In  practice  it  is 
only  used  for  matching  the  lays  of  pairs  in  double  pair 
groups ,  Longitudinal  symmetry  can  be  achieved-  by  choosing 
different  lays  which  are  specially  matched  to  each  other. 

The  -notion  of  matching  the  lays  and  the  effective¬ 


ness  of  such  a  special  selection  can  be  clarified  by  the 
f o 1 1 owl ng  example . 


i 


I  Pig.  6 -37a,  shows  two  parallel  circuit  configurations  t  the 

disturbing  (conductors  1-2)  and  disturbed  (conductors  3-4) 
<*  * 

The  current  I,  in  wire  1  induces  the  noise  currents  I,  ^ 

* 

and  1, 2j  in  wires  3  and  4.  Since  wire  3  is  located  nearer 

* 

to  wire  1  than  wire  4,  the  current  is  larger  than  the 


current  1^,  and  there  will  be  a  difference  current  I 
in  the  second  circuit. 


14 


The  current  Ig  which  flows  in  the  second  circuit 
acts  in  the  same  way  causing  a  compensating  current 

•fr  V 

This  compensating  current  appears  in  the  receiving 
equipment  of  the  circuit  II  in  the  form  of  Inter¬ 

ference. 

.Let  us  consider  the  interaction  of  the  circuits, 
where  one  of  the  circuits,  for  example  II,  has  been  twisted 
at  the  center. 

As  Pig.  6™ 3Tb  shews,  in  this  case  a  current 

*  * 

I}  3  Iqg  will  flow  in  wire  3*  while  in  wire  4  there  will 

•  « 

flow  a  current  1^  4-  in  this  case  in  section  1_  the 

current  in  wire  3  (l-jo)  will  be  greater  than  the  current  in 
wire  4  (l^),  while  in  section  1_!,  conversely,  the  current, 
in  wire  3  will  be  less  than  the  current  in  wire  4 

(HO- 

.Since  the  transposed  sections  are  identical 

♦  * 

(l  «  1 f ),  the  total  noise  currents  in  wire  3  (l^  +  I|0) 


*  * 

and  in  wire  4  ( I-  4  +  1,’j. }  will  be  equal,  but  will  be  di¬ 
rected  against  one  another,  end  therefore  they  will  have 
!  no  effect  at  the  receiving  equipment . 

In  this  manner  the  noise  currents  in  wires  3  and  4 
which  were  caused  by  the  current  flowing  in  wire  2, 
celled  out... 

Consequently  interchanging  the  wires  in  ore  of 
tion)  in  general  eliminates  In ter for 
circuits . 

This  effect  following  upon  transposition  is  based 
upon  the  equality  of  the  currents  flowing  in  sections  1 
and  1  Tj  however  under  actual  conditions,  owing  to  the. at¬ 
tenuation  of  the  currents  along  the  line,  the  currents  at 
the  sending  end  are  larger  than  those  at  the  receiving  end 
>  I-J4  and!  >  1^)  and  the  currents  flowing  in  con¬ 
ductors  3  and  4  are  never  completely  cancelled.  A  compen- 


c: ir cui  t b  ( transpo  c  1 
effects  between  the 


can- 

the 

ence 


sating  noise  current  (f13  +  +  IJ4)  will  flow  in 

the  receiving  equipment  of  circuit  II. 

If  the  circuit  is  transposed  at  several  points 
rather  than  at  one  point  the  effect  will  be  still  better. 
The  more  frequently  the  conductors  of  the  circuit  are  trans 
posed  the  less  difference  there  will  be  between  the  magni¬ 
tudes  of  the  currents  of  adjacent  sections  and  the  less  the 


interference  between  the  circuits'. 


I 

( 


Xt  Is  easily  seen  that  if  both  circuits  are  trans 
posed  at  a  single  point  rather  than  just  one  circuit  the 
crossed  portions  neutralise  each  other  and  the  effect  of 
transposition  .  disappears  (Fig.  6-37 c). 


|  #aauHKxma 

A  I 

0  □ 

! 


Pig.  6-38.  Unequal  length. 


Pig.  6-39.  Lay  of  the  twist. 


i 

i 

t 

Thuf:  cto Being  gives  a  positive  effect  only  when  the 
%.  * r  \  , 

' 

.  transposed  circuits  have  different  lays  (the  lay  of  she 
. transposition  is  the  distance  between  the  adjacent  points 
o  f  era  r.spo  a  1 1  i  on ) . 

It  should  be  rioted  that  if  the  transposition  lays 
ol'  the  circuit  are  not  all  equal  a  section  of  line  not 
equal  to  the  others  in  length  will  be  formed  (Pig.  6-38) j 
this  causes  additional  interaction  between  the -circuits j 
the  greater  the  length  of  the  section  the  greater  the  .in¬ 
teraction  , 

It  is  clear  from  Pig.  6-38  that  if  the  noise  cur- - 
■rents  cancel  in  sections  1  and  1* ,  then  the  unequal 
length  1”  acts  as  a  non transposed  circuit  and  causes  inter¬ 
action  between  the  circuits. 

What  has  been  said  above  leads  to  the  conclusion 
I  that  transposition  is  effective  only  for  specially  cal¬ 
culated  lays  differing  for  different  circuits  and  reducing 
to  a  minimum  inequalities  in  the  length  of  sections  of  the 
circuits.;  in  this  case  the  more  frequent  the  transpositions 
the  greater  the  effect. 

In  principle  the;  layup  of  the  cable  is  similar  to 

transposition*  except  that  the  latter  is  accomplished  by 

interchanging  (transposing)  conductors  at  a  point*  while 

cable  layup  takes  the  form  of  a  uniform  distribution  of  the 

- — - 
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Transposition  la  chiefly  used  on  aerial  comBiunica-  j 
tion  lines  and  for  powerful  currents  j  however  its  basic  j 
laws  are  correct  for  cable  layup  as  well .  | 

Each  cable  circuit  is  laid,  up  with  a  different  lay.j 

I 

By  a  lay  h  we  mean  the  length  in  which  the  insulated  con-  I 

'  l 

duetor  circuit  or  strand  describes  a  complete  circle  about  j 

the  axis 'about  which  twisting  takes  place  (Big,  6-39).  The  { 

effect  of  the  twist  Is  greater  the  smaller  the  lay  h. 
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Fig.  6~40,  Interference  resistant  section,  of  two  circuits, 
a)  First  circultj  b)  second  circuit. 

The  selection  and  matching  of  lays  for  different 
circuits  and  cable  strands  is  carried  out  on  the  basis  of 
sections  which  are  called  symmetric  or  protected  sections. 
The  protective  section  1^  la  &  section  of  cable  along 
which  a  complete  cycle  of  noise  protection  has  been  carried 


I 

f 

( 


Tbs  protected  section  la  connected  .with  a  lay  by 
the  following  relationship 


Ms 

H  * 


where  B  Is  the  largest  common  denominator  of  and.  h g. 

For  example  if  there  are  two  circuits  twisted  with 
a  lay  h.j  #*=  30  mm  and  hg  =  50  ran,  the  largest  common  de¬ 
nominator  is  B  sr  10  and 


, _ 30*  50 

‘•5  —  fT 


ISO  JMf. 


As  has  teen  shown  on  Fig.  6-40  within  the  section 

V  _  ** 

1„  w  150  mm  a  complete  cycle  of  Interference  protection 
( syjrune trio i sing)  has  taken  place  between  the  two  circuits 
considered. 

Within  the  cable  length  ln  the  configuration  of  the 
conductors  in  the  pairs  with  respect  to  each  other  and  the 
l distance  between  the  conductors  r,, r^,  v2$>  as  well, 
-constantly  changes:  at  the  end  of  the  ■  cable 

section  l„  the  same  conductor • configuration  is  obtained  as 

1  """O 

at  the  beginning  of  the  section.  At  the  second  and  ail  sue- 

ceeding  sections  of  the  cable  of  less  length  1„  the  con- 

duo tor  configuration  is  repeated.  Therefore  it  is  enough  to 

. fit.  — 

section. 
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...Prom  .Fig,  6«4l  where  the  nature  of  the  variation  in 
the  distances  between  the  conductors  of  two  circuits  has 
been  shown  in  cable  section  1M  it  is  clear  that  these  dis¬ 


tances  are  functions  of  the  cable  length  1, 
function  r-j^(l 
variation  as  the  function 


),  taken  over  the  section 


and  that  the 
shows  the  same 


? 


r2i!  (1 )  ’  taken  along  the  section  lg.  In  the  interval  l^j 
the  function  r3g(l)  i®  equal  to  the  function  .  **23 (i#).  j 
in  the  Interval  lg.  At  the  center  of  the  protected  section 
1„  at  the  point 'A  the  distance  between  the  conductors 

— O 

changes, 

■Consequently  in  a  cable ■ section  lg  long  the  rela¬ 
tionship  , 

ri<(lyM  =  rit(l)r ,,{!),  '  (6-57) 

' 

between  the  functions  holds  when  the  logarithm  of  the  frac¬ 
tion  ri4r23/r24r’'’  3  “  0  and  there  will  be  no  capacitive 

!  | 

[coupling  k  or  magnetic  coupling  m,  while  the  interference  j 

between  circuits  1  and  II  will  be  reduced  to  a  minimum j  so' 
for  lateral  symmetry  the  condition .of  the  absence,  of 
capacitive  and  inductive  coupling  holds  at  any  point  of  the 
cable  cross-  section*  while  for  longitudinal  symmetry  it 
occurs  only  at  a  cable  length  equal  to  the  protection  sec- 


! 

i 


! 


It  is  evident  that  In  the  ideal  cane  where  the  clr-j 

i 

cults  are  to  be  protected  from  interference,  the  shipping 
length  of  the  cable  should  contain  a  whole  number  of  pro- 
.  tec  ted  sections.  In  practice  this  requirement  cannot  be 
realised  either  In  the  manufacture,  installation  or  assem¬ 
bly  of  the  cable.  Therefore  It  Is  desirable  to  keep  the 
leftover  unequal  sections  as  short  as  possible.  In 
order  to  do  this  the  length  of  the  protected  section  1„  Is 
chosen  as  short  as  possible.,  so  that  when  the  cable  is  cut. 
at  any  point  the  unequal  section  which  results  will  be 
relatively  short , 

Decreasing  the  protection  section  also  involves 
decreasing  the  lay  h  of  the  cable  which  is  also  advan-  ! 
tageous  from  the  electrical  point  of  view  since  the  less  h 
is  the  greater  the  effect  of  twisting  and  the  higher  the 
noise  resistance  of  the  circuit.  However  there  are  manu- 


I 

I 


I  factoring  and  technological  considerations  involved  in  us- 
|  lng  a  very  short  lay  since  the  shorter  the  lay  h  the  greatej? 
the  volume  of  the  cable  and  .the  longer  the  actual'  length  off 
the  conductors. 


At  present  for  the  sake  of  compromise  long  distance 


communications  cables  use  a  spacing  on  the  order  of  100  to 
300  mm. 

In  high-frequency  cables  the  lays  of  all  cable 

groups  must  be  matched*  this  is  especially  important  for  ad 

J scent  groups  lying  within  one  layer. 

The  matching  of  lay®  is  also  very  important  in  the 

remaining  cable . groups  however,  since  interference  occurs 

|  in  distant  groups  of  the  cable  as  a  result  of  inductive 

>.r  •  « 

coupling.  . 

■  Capacitive  coupling  occurs  only  between  the 
closest  groups, since  capacitive,  coupling  between  more  wide 
fly  separated  groups  is  negligibly  small.  Capacitive  coup¬ 
ling  between  two  groups  separated  by  a  third  have  no  im¬ 
portance  even  if  their  lays  are  not  matched  to  each  other. 
The  intermediate  group  in  the  cable  acts  as  an  'electrostatife 
screen  to  capacitive  Interaction,  and  absorbs  the  interfer¬ 
ing  electric  field.  Thus  in  low-frequency  cables  in  which 
circuit  interaction  is  caused  in  practice  by  capacitive 
couplings  it  is  possible  to  match  the  lays  of  adjacent 


LA' 


I 

< 

grouts  of  the  oahle  alone.  Thus  it  is  sufficient  to  take 
two  different  mutually  matching  lays  and  alternate  them. 

| 

;  Thus  for  example  in  a  layer  having  ten  groups  —  five  odd 
numbered  groups  ©re  twisted  with  lay  ,  and  the  remaining 
even  numbered  groups,  with  a  la},7  hg. 

For  the  odd  numbered,  groups  it  is  necessary  to  have 

\ 

a  third,  matched  lay  in  the  layer  h0  (for  the  last  group). 

I  ' 

In  addition  to  the  '  .  direct  Interaction  between 

\ 

I  circuits  which  is  basically  caused  by  direct  capacitive 
coupling  between  the  circuits  and  the  zinc  sheath  there 
also  occur  interference  effects  to  ground.  The  symmetry  of 
the  circuits  with  respect  to  ground  is  somewhat  improved  by 
the  choice  of  matching  lays,  but  unbalances  still  remain, 
and  it  is  necessary  to  attack  them  in  the  process  of  manu¬ 
facturing  the  cable  and  Jn  assembling  the  line. 

When  there  are  shielding  groups  in  a  cable  it;  is 
necessary  to  keep  in  mind  that  the  shield  completely  lo¬ 
calizes  capacitive  interaction  between  the  circuits  alone. 
The  interfering  magnetic  field  is  only  partially  decreased 
by  the  shielding  shell,  and  so  it  is  necessary  to  match  the 
lays  for  these  groups  as  well.  It  should  be  noted,  that 
where  there  are  shielding  groups  in  the  cable  the  balance 
of  the  circuits  with  respect  to  ground  is  somewhat  worse 
and  the  effect  of  matching  the  lays  is  somewhat  increased. 
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where  h^  and  hg  are  the  lay a  of  matched  groups; 

[ 

v  and  w  are  any  whole  numbers  greater  than  zero; 
j  c)  for  pair  and  group  twisting,  D?  (lying  within  a 

single  layer) 
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•It  follows  from  expressions  (6-58)  to  (6~6l)  that  | 

for  twin  pair  twisting  the  pairs  within  the  group  are  ! 

I 

matched  by  the  lateral  symmetry  method.  They  are  wound  withj 

I 

the  same  lay,  and  the  angle  between  the  axes  of  the  pairs  j 
is  90  degrees,  .  I 

I 

Where  It  is  necessary  to  match  the  lays  of  groups  j 

j 

(pairs j  spiral  quads  j  double  pairs),  which  are  located  in  j 

j 

different  layers  of  the  cable,  then  in  addition. to  the  re-  \ 

■  .  I 

'l&tlcnships  set  forth  above,  it  is  necessary  to  ensure  thatj 
the  following  additional  condition  holds; 


h,w 


jit  4  / 

'Hi  * 


( 6-02) 


where  and  Hg  are,  respectively,  the  lays  of  the  first 
and  second  layers;  ^  » 

j  w  and  t_  are  any  integers  greater  than  Eero, 

I  This  places  a  definite  restriction  on  the  lays  of 

| the  layers. 

|  Formulas  given  above  permit  the  calculation  and 

matching  of  lays  only  for  any  two  groups  and  hg  or  layer f 
and  Eg,  In  actuality  a  cable  consists  of  a  very  large 
number  of  groups  and  all  of  them  must  be  protected  from  in¬ 
terference,  Ordinarily  an  arbitrary  lay  is  assigned  to  the, 
'first  group  and  different  valxies  of  w  and  v  are  taken,  a 


h-65 


4  w 


j lay®  chosen  fall  within  •  ■  specific  limits,  for  example 
1 100  to  300.  JHBl, 

•In  4  by  4  s  tyro  flex- insulated  cable  the  following 
lays  are  used:  **  200  mm,*  hg  **  160  ran;  hQ  «s.  175  mm.s  h 

se  125  mm.  The  tolerance  la  £5  mm, 

6-14.  PRINCIPLES  FOR  ORGANIZING  LONG  DISTANCE 
COMMUNICATIONS  OVER  TRUNK  CABLES  ■ 

Let  us  consider  the  contemporary  principles  by 
which  long  distance  communications  are  set  up  over  wire 
circuits  and,  comparing  them,  set  up  fundamental  concepts, 
[for  designing  cables. 

As  is  known  cables  may  be  utilised  in  long  distance 
communications,  in  the  following  ways:  l)  for  low  and  high  • 
j frequency  transmissions!  2)  in  two -wire  and  four -wire  sys¬ 
tem®  j  3}  in  single-cable  and  double -cable  communications 
S3;*  stems. 

Low  frequency  communication  takes  in'  the  0-3000  ops 
band, and  Includes  subtonal  telegraphy  (0-100  cps)  and 
..voice  frequency' telegraphy  (300-3000  cps). 

The  high  frequency  region  used  for  multiplexed 
cable  communications  begins  at'  5-6  kc  and  reaches 
100  kc  (for  symmetric  cables')  and  1000  kc  (for  coaxial 
cables).  This  spectrum  is  used  for  telephone  and  telegraph 


! 

I 


transmission  in  high-frequency  channel e;  this  was  made  pos¬ 
sible  by  the  creation  of  electron  tubes  and  electric  filter 
which  enter  into  the  receiving  and  transmitting  equipment. 

The  development  of  methods  for  ami tip] exing  the 
high-frequency  banc  was  occasioned  by  the  desire  for  ef¬ 
fective  use  of  expensive  cable  lines  and  for  obtaining  the 
largest  possible  number  of  telephone  and  telegraph  channels' 
and  in  order  to  satisfy  the  growing  requirements  for  ever 
longer  transmission  distances. 

The  maximum  distance  for  low-frequency  voice 
frequency  communication  over  cable  lines  does  not  exceed. 
lOOG  km.,  since  any  further  increase  is  limited  by  the  two- 
way  repeaters,  the  total  number  of  which  may  not  exceed  8  to 
10  in  the  trunk. • 

-  This  is  explained  by  the  fact  that  normal  vacuum- 
tube  amplifiers  are  used  to  amplify  in  one  direction  only, 
while  the  two-way  repeaters  must  utilize  two  opposed  amp¬ 
lifiers, 

,If  they  are  connected  as  shown  in  Fig.  6-4.2  oscilla 
tion  will  occur  (self-excitation),  and  the  circuit  will  not 
operate , 
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!  [1  ff  ®  I  j 

Fig,  6-42,  Basic  circuit  of  two- 
way  repeater:  A)  amplifier  lj  B) 
amplifier  2, 


By  using  differential  transformers  such  as  T-,  and 
Tg  •••■'  '.  with  the  two-way  repeaters,  together  with  .' 
balancing  circuits  such  as  BK^  and  BKg,-lt  Is  in  prin-  • 
iciple  -  possible  to  eliminate  the  danger  of  oscillation 
and  to;  provide  stability  and  independent  amplification  of 
the  currents  'transmitted  in  the  appropriate  'direction' .(Fig. 

j  jr- 

6-43). 


f  Ml 


>  I 

JT  encMmac 


var.i 


Fig,  6-43.  Two-wire  lew -frequency 
communication's  system:  A)  ampli¬ 
fier  1 j  B)  balancing  circuit  2j 
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Bat  such  n  ■  •  •  a-  (ideal )  operation  of  &  two-way 

|  repeater  is  possible  only  where  the  resistances  of  the 

I  balancing  circuit'  equal  tbs  input  Impedance  of  the  line 

|  However  when  a  balancing  circuit  is  need  it  la  not  possible 
to  reproduce  exactly  the  input  Impedance  of  a  line  since 
its  characteristics  vary  under  the  influence  of  different 
atmospheric  factors,  and  consequently,  •there  will  'be  an 
unbalance  In  the  system  and  aa  a  rasu.lt  self -excitati.cn  of 

| the  amplifier  is  Inevitable.  The  more  amplifiers  that  are 

! 

(connected  into  the  circuit,  the  more  strongly  they  will  In- 

t  '  . 

|  tenant  and  the  greater  the  danger-  that  oscillation  will  oc~ 

i 

| cur.  In  practice  this  limits  the  number  of  amplifiers  eon- 

! 

nected  in  series  in  the  circuit  to  8-10  and  accordingly 
limits  the  distance  at  which  low- frequency  communications 
can  be  carried  on  over  a  two-wire  system .  On  the  basis  of 


stability  consideration  amplif  iers  ..used  on  low.- frequency 
two -wire  systems  ghoul d  not  have  more  than  1.5  to  2  nepers 
gain , 

An  actual  method  for  increasing  the  distance  Is  the 
four-wire  communications  system.  As  may.be  seen  from  Pig. 
6-43  in  the  two-wire  system  transmission  in  both  the  for- 

i 

[ward  and  reverse  direction  takes  place  over  one  pair  of 
wires  with  the  four-wire  system  four  conductors  are  used 
[for  transmitting;  one  pair  of  conductors'  -  is  used  for  com* 


—  kr/0 


I 

1 


sa.-uiilcat.ions  in  one  direction,  another  pair  for  communication^ 
In  the  other  direction.  Communications  over  an  interurban 
cable  link  are  commonly  set  up  on  the  oasis  of  a  four-wire 
system.  The  system  has  not  been  widely  applied  to  aerial 
links  because  of  the  necessity  of  using  twice  the  number  of 
conductors,  and  the  difficulty  of  -  building  multi conductor 
pole  line a.  . 

In  cable  links  where  the  number  of  current-carrying 
conductors  is  relatively  large,  extra  conductors  are  even 
! provided  which  have  all  the  characteristics  required  for 
use  in  a  four-wire  communications  system. 

As  can  be  seen  from  Pig.  6-44  in  a  four-wire  system! 
the  amplifiers  to.  the  forward  and  reverse  directions  are 

not  interconnected,  which  excludes  the  possibility' of  oscil-j 

'  „  •{ 

latlon.  Thus  in  this'  system  the  distance  of  communication  j 

I 

is  not  limited  by  the  stability  of. the  amplifiers.  The  high] 
cost  of  the  four-wire  communications  system  is  a  serious 
drawback  at  voice  frequencies  j  for  this  system  the  cable 
must  have  double  the  capacity  of  the  two -wire  system* 

The  four-wire  system  yields  good  technical  and 
economic  results  only  when  high-frequency  multiplexing  is 
used-  with  the  cable  links.  This  is  explained  by  .the  follow¬ 
ing  structural  features  of  high-frequency  multichannel  l.ink|. 
Regardless  of  the  system  of  communications  a  low- 
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Pig.  6-44.  Pour-wire  low-frequency  com¬ 
munications  system.  A)  Amplifier  lj  3) 
amplifier  2;  C)  balancing  circuit  lj  D) 

.balancing  circuit  2„ 

%• 

| frequency  telephone  transmission  occupies  exactly  the "same 
voice-frequency  band  in  the*  forward  and  reverse  directions 
(300-3000  ope).,  with  limited  distance,  as  was  shown  above. 

In  a  high-frequency  link  the  attenuation  in  the  re- 
pestered  sections  is  considerably  above  that  found  in  low- 
frequency  1 inkey  it  reaches  6-7  nepers.  It  is  clear  that 
[under  these  conditions  two-way  repeaters  with  balancing 
circuits  cannot  operate  with  satisfactory  stability  since 
it  is  nearly  impossible  to  match  the  circuits  as  accurately 
as  would  be  required  for  a  gain  of  this  order.  Thus  for  hig 
frequency  links  transmission  in  opposite  directions  is  ac¬ 
complished  by  using  different  portions  of  the  frequency 
Jispectrum  or  by  using  independent  pairs  of  conductors. 


•)- 


4  7 «? 


i 

! 


JL~ 

Ir,  setting  up  long-distance  high-frequency  com¬ 
munication  over  a  two-wire  system  -  ■  the  frequency  spec- 

triM  Is  divided  into  two  parts :  a  lower  part  and  an.  upper 
part.  The  lower  part  of  the  spectrum  is  utilised  for  trana- 

f  4 

mitting  in  one  direction  and  the  upper  part  for  transmittiri 
in  the  other,  ' 

I  For  dividing  the  transmissions : In  the  reverse  and 

|  forward  directions,  and  to  preclude  the  possibility  of 
oscillation  at  the  input  and  output  of  each  amplifier;  di¬ 
rectional  (separating)  filters  are  used  (Pig,  6-45), 

m 


te 


Pig,  6-45,  High-frequency  communica¬ 
tions  over  a  two -wire  system  using 
separation  filters.  A)  Filter.  ;  B)  12 
to  36  kc;  C) . amplifier  1;  D)  Afllfcer,3j 

E)  12-36  kc;  P)  filter *gj  g)  36-60  kc.? 

H)  amplifier  2 ;  I)  filter  2;  J)  36-60' kc,. 


in.  the  four-wire  system  the  forward  and  reverse 
jdirections  use  exactly  the  same  frequency  band  but  as  was 
j shown  above  different  pairs  of  conductors  are  used  for  the 


forward-  and  reverse  transmissions  end  separation  filters 
are  not  required. 

This  latter  fact  is  the  chief  advantage  of  the  four 
wire  high-frequency  c ommunl cations  .system  since  it  consid¬ 
erably  .simplifies,  the  amplifying  equipment  (Fig,  6-46). 


Fig.  6-46.  High-frequency  com¬ 


munication  over  a  four-wire  sya-  j 

j 

tern.  A)  12-60  kc;  B)  amplifier  1;  ■ 

C)  12-60  kc^;  D)  amplifier  2.  . 

i 

It  should  be  noted  that  as  far  as  the  -number  of 
channels  are  concerned  the  two -wire  and  four-wire  systems 
of  high-frequency  communication  are  the  same,  This,  idea  is 
graphically  illustrated  by  the  following  example. 

Let  us  consider  a  twelve -channel  multiplexed  system 
in  a  symmetrical  cable;  the  system  uses  a  range  of  from 
12  to  60  kc  with  a  nominal  4  kc  per  channel. . 

In  the  two-wire  system  the  first  half  of  the 
_ — - — — . - - - - - - - - — - - - * - 
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spectrum  (12-36  kc)  is  reserved  for  comranni cation  In  one  | 
direction,  and  the  second  half  .  (36-60  kc)  for  transmission 
In  the  other  direction.  As  a  result  in  one  pair  of  wires  j 
six  two-way  transmissions  take  place.  In  order  to  obtain  j 
12  .•  transmissions  it  is  necessary  to  use  -two  pair  of  wires!. 

In  the  four-wire  system  one  pair  carries  12  communlca-  j 
tions  (12-60 'kc)  in  one  direction  while  the  second  pair  j 
using  the  same  frequency  range  ( 12-60  kc)  carries  12  com-  j 
raunlcatlons  'in  the  reverse  direction.  The  total  number  of  | 
communications  taking  place  over  two  pairs  of  wires  Is  ex-  J 
aotiy  12  for  both  the  four-wire  system  and  the  two -wire  1 


system  (Pig.  6-47). 


Pig.  6-47.  Two-  and  four-wire  high-frequency  communications 
systems  compared  as  to  the  number  of  communications  chan¬ 
nels*  a)  Two -wire  communications  system;  b)  four-wire  com¬ 
munications  system,  k)  12-36  kcj  B)  36-60  kcj  C )  six  com¬ 
munications  j  D)  12-60  kc;  E)  12  communications;  F)  12-36kc; 
*3)  36-60  kcj  h)  six  communications  j  I)  12-60  kc. 


On  the  basis  of"  vrhat  has  been  presented  we  may  e>ay : \ 

r 

1*  Ttow-frequenoy  communication  is  limited  in  range  ; 


with  the  cable  links  used  in  a  two -wire  system  and  is  not 
!  suitable  fox*  long  line  intercity  ecmraunl cation, 

t 

1  2*  Utilization  of  cables  iri  four-wire  systems  pro 

! 

I  vide  a  the  necessary  range  of  consnunl  cation,  but  is  not 
|  economically  feasible  for  low- frequency  comfcrunication , 

!  3*  The  best  way  to  organize  long  distance  inber- 

f 

;  city  coaanuni c a. 1 1  on  over  a  cable  line  is  carrier  frequency 

[ 

;  multiplexing  using  a  four-wlr-e  system. 

In.  order  to  compare  the  two-  and  four -wire  com- 

:  muni cation 3  systems  thoroughly,  it  is  also  necessary  to 
f  # 

|  consider  the  interaction  of  circuits  under  each  of  the 
l  .  '  « 

systems , 

Figure  6-48  gives  a  diagram  of  the  interaction  of 

|  circuits  in  the  two-wire  and  four -wire  systems,  Ir;  the 

two-wire  system,  a  frequency  band  (for  example,  12-36  be)  j 

is  transmitted  in  the  direction  A— B, while  in  the  reverse 

direction  from  B  to  A,  another  band  (for  example,  35-60  j 

ko )  is  transmitted .  ! 

I 

Since  in  any  given  direction  exactly  the  same  fro-j 
quency  spectrum  is  transmitted  over  all  the  circuits  of  j 
the  cable  (for  example,  from  A  to  B,  frequencies  from  32  j 
to  36  kc),  the  most  dangerous  Interferences  occur  at'  the 


L 


|  far  end,  There  is  no  noise  energy  at  the  near  end,  since 


the  filtering  equipment  does  not  pass  this  frequency  band,  f 

I  '  '  I 

|  In  the  four-wire  system.  In  both  the  direct  (A— B)  [ 

l  •  .  .  I 

I  and  reverse  (B~A)  directions  exactly  the  same  frequency  f 

P  '  ; 

¥  . 

I  band  is  transmitted;  12-60  kc  in  the  example  given  above,  jj 

S  y 

l  Therefore  in  this  case  interaction  can  occur  between  the  • 

[  .  j 

circuits  at  both  the  near  and  far  ends  of  the  cable,  f 

\  '  ■  '  f 

!  Aa  -has  been  shown  above,  the  cable  crosstalk  at-  f 


tenuation  at  the  far  end  Bp  is  greater  as  a  rule,  than, 
that  at  the  near  end  Bq,  and  for  cables  operated,  under 
carrier  multiplexing,  it  is  extremely  difficult  to  attain 
the  required  value  of  interference  resistance  at  the  near 


end  of  the  circuits. 

Consequently,  from  the  point  of  view  of  the  in¬ 
teraction  between  the  cable  circuits,  the  two-wire  carrier] 
frequency  communications  system  operates  under  more  sat¬ 
isfactory  conditions  in  comparison  to  the  four-wire  sys¬ 
tem. 

In  order  to  increase  the  interference  resistance 

1  of  the  circuit  and  exclude  undesirable  interaction  at  the  f 

'  •'  l 

near  ends  in  a  four -wire  system  a  two  cable  eommunica-  I 

tions  setup  can  be  used.  In  this  ease-  the  direct  and  re-  j 

i 

verse  circuits  are  located  in  separate  cables  (the  A—B  | 
direction  circuits  in  cable  No,  1,  and  the  B~A  direction 
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|  Fig.  6-48.  Interaction  In  the  various  systems  for*  using 
|  cables  in  long  distance  communication,  a)  Trfo-wire  coxa- 
I  munications  system;  b)  four -wire  ccnarjmlcations  system. 

|  1)  12-36  kc;  2)  36-60  kcj  3}  noise  current  (12-36  kc)j 
i  4)  12-36  ko?  5}  36~6o  kc j  6)  12-60  kcj  7  )  noise  current 
I  (12-60  kc)j  8}  12-60. kc. 


{ 

circuits  In  cable  No.  2).  * 

f 

In  a  two  cable  setup  the  interference  resistance  j 
is  determined  by  the  interaction  of  the  circuit  at  the  far! 

i 

t 

end  of  the  line  (as  a  rule,  both  cables  are  laid  In  the  j 


same  trench). 

It  is  also  possible  to  separate  the  forward  and 
|  reverse  circuits  by  using  electromagnetic  shields, ■ 

As  can  be  seen  from  Fig,  8-2  the  A~B  and  B-A  di¬ 
rection  circuits  are  screened  from  each  other  by  a  divid-  \ 
ing  shield  which  is  radial,  grouped  or  circular. 

With  screened  cables  it  1e  possible  to  achieve 


?  I 

}  high  quality  multiplexing  using  a  single  cable  setup.  Thus! 

}•■■..  '  "  1 
|:  for  a  four -wire  system  of  carrier-  f re  qu  ency  communications  j 

|  is  necessary  to  use  either  cables  with  separating 

I'  j 

I  .shields,  or  a  two-cable  setup.  I 

l  .  ■ '  .  -.  .  | 

|  At  present  when  long  distance  communications  sys-  t 

t  s 

|  terns  are  set  up,,  two  cable  links  are  being-  used.'  I 

?  *  •; 

|  '  *  -  \ 

!  6-15.  BALANCING  OF  CABLE  LINKS'  " 

!  •....<■•! 
i  ®»  balancing  of  cable  circuits  is  the  fundamental! 

■  ■  i 

I  method  for  protecting  them  against  external  and  internal 

|  I 

interference,  and,  providing  high  quality  communications  % 

I  ? 

|  long  dxst&.nc&B  *  it  awiount®  to  compensating  tb&-  0I0.O-  | 

I  I 

{  tromagnetic  couplings  acting  in  the  cable  in  order  to  '  I 

I  ■  "  I 

.raise  the  interference  resistance  of  the  cable a  and  the  ! 

|  crosstalk  attenuation  as' well.  j 

Balancing  is  carried  out  both  louder  factory  con-  | 

I  ......  ! 

|  3 it ions,  and -during  the  installation  of  cable-  lines.  j 

In  order  to  produce  completely  satisfactory  cabled 

1  .  f 

j  meting  the  standards  in. the  most  important  characteris-  | 

j  Jt  I 

tic  •—  the  electromagnetic  coupling  coefficient. --it  is-  \ 

!  '  .  1 
i  necessary  to  carry  out  an  entire  series  of  steps  at  the  ! 

!  '  '  £ 

factory  both  in  the  process  of  preparing  for  production  j 

;  ■  .  .  /.  | 

|  and  in  the  actual  manufacture  of  the  cables.  i 

I  t 

j  The  problem  is  to  ensure  that  the  following  char-  j 

j^acteri  sties  are  maximized t  the  geometric  symmetry  of  eablej 


pairs  and  quads,  tho  uniformity  of  the  basic  material 8 
(copper,- paper,  etc.)  and  electrical  uniformity  of  the 
cable  parameters  (primarily  R  and  C). 

t 

One  of  the  basic  conditions  for  decreasing  the  ; 
elec tromagne tic-coupling  coefficients  is  the  calculation  | 
and  choice  of  matched  lays  for  the  cable  circuits  (see 

i 

section.  6-13).  f 

f 

If  measurements  performed  on  the  finished  cable  | 


show  that  any  quad  does  not  meet  the  standards  with  re~_ 

i 

apect  to  the  coupling  coefficients  then  it  must  be  bal¬ 
anced.  Tho  balancing  standards  are  shown  in.  Tables  6-11, 
6-12  and  6-13, 

•  tinder  factory  conditions  cables  arc*  balanced  by, 
the  transposition  method.  The  advantages  of  this  'method 
in.  comparison  to  the  method  of  balancing  by  means  of  ’ad¬ 
ded  capacitors  ares  a)  only  the  capacitive  couplings  are 
balanced  by  using  the  capacitances,  while  transposition- 
compensates  for  both  capacitive  and  inductive  coupling] 
fc)  the  transposition  method  is  more  economical  since  it 
does  not  require  balancing  capacitors  and  does  not  cause 

i 

local  thickening  of  the  cable.  j 

As  a  rule,  balancing  is  carried  -  out.  In  the  middle 
of  a  shipping  length  section  of  cable.  In  order  to  do  thlaj 
the  shipping  length  cable  section  is  cut  in  two,  the  cor- 
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I  responding  pairs  and.  quads  of  the  cable  are  balanced,  and  J 

I  .  '  r 

then  the  conductors  are  spliced  and  the  lead  sheathing  re-  | 
I  stored.  Cables  which  are  shipped  in  large  lengths  (for  ex- 

I  » 

j  ample  submarine  cable  b  )  should  be  balanced  by  a  concen-  j 

|  trated  -balancing  method,  1 

I  '  ! 

f  When  being  laid  low -frequency  cable  trunks  are  j 

I  balanced  during  the  Installation  of  the  connections,  f 

I  i 

,  C a Dies  are  balanced  in  sections  called  balancing  lengths,  j 

j  ’  f 

l  The  balancing  length  of  loaded  cables  equals  the  loading  i 

I  I  ' 

j  length  and  in  the  majority  of  cases  equals  1,7  lea.  In  non-] 

j  loaded  cables  the  balancing  length  can  range  up  to  h  km.  ] 

I  '■  '  .  I 

;  iiince  in  low-frequency  cables  capacitive  coupling  f 

i  l 

Predominates,  the  required  balancing  effect  can  be  oh-  f 

|  i 

j  talned  by  transposition  and  by  connecting  in  additional  \ 

!  i 

j  capacitors.  k  j 

|  As  a  rule  balancing  is  achieved  by  a  combination  j 

|  of  methods.  First  balancing  is  carried  out  by  transposl-  j 
|  t ion,  and  then  the  remaining  unbalance  is  remoted  by  con-  j 

j  necting  additional  capacitors,  j 

1  ;  ; 

|  •  Transposition  balancing  is  carried  out  at  each  '  | 

i  ,  '  | 

|  connection,  and  special  capacitor  connectors  are  used,  Tn  ! 

I  "  j 

|  order  to  achieve  the  best  results,  balancing  is  carried  j 

:  out  according  to  a  specific  scheme,  and  in  a  definite  or-  j 
der.  I 
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.,  6-49,  Schemes  for  balancing  a  cable  within  a  balhnc-  :i 
ing  length,  a }  Seven  point  scheme j  b)  three  point  scheme:  I 
e)  single  point  scheme.  A)  B;  B)  C;  C)  b;  D)~c;  E)  trans¬ 
position-balancing  connection;  p)  capacitor  connection;  I 
G)  connection  made  without  transposition.'  f 


j  A  scheme  for  balancing  a.  cable  within  a  balancing  j 

I  length  (the  so-called  seven  point  scheme)  is  given  in  Flg.f 
j  6-49. 

I  The  cable  is  first  balanced  by  transposition  at 

i  connections  A.  The  second  stage  of  transposition  is  ©ar- 

'  I 

|  ried  out  at  connections  B,  and  the  third  and  final  stage  j 

|  at  the  capacitor  connection  C.,  where  in  addition  to  the  j 

|  transposition,  balancing  capacitors  are  inserted;  with  the! 

j  5 

|  aid  of  the  latter  the  unbalance  and  coupling  are  reduced  j 
to  acceptable  values. 


-rr&mm.  <»*».  w» 
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f 

The  capacitive  coupling  and  unbalance  coefficients  \ 

■  ( 

In  a  balancing  length  of  installed  cable,  at  a  frequency  \ 

of  800  cps,  should  not  exceed  the  values  given  in  Table-  j 

6-14.  j 

In  many  cases  low-frequency  cables  may  be  balanced! 
by  using  three  point  and  even /single  point  schemes  (Pig.  -i 


6 -49b  and  6-4 9c ) »  The  fewer  the  balancing  points,'  the 
simpler  the  assembly  of  the*  cable. 


| 

I 

I 

■  1 

Regardless  of  the  scheme  used,  the  cable  is  bal-  f 

I 

anced  at  connection  C  at  first,  by  transposition,  and  only  ] 

! 

later, where  necessary,  is  the-  residual  unbalance  eliml-  | 

t 

nated  with  the  aid.  of  balancing  capacitors.  j 

•It  should  be  kept  in  mind  that  what  has  been  said  I 

i 

i 

above  relates  to  balancing  within  the  limits  of  a  balanc-  ? 

I 

ing  section.  Over  the  length  of  the  cable  it  is  necesbary'  [ 

“■  f 

t 

to  work  not  with  the  coupling  coefficients,  but  rather 
with  the  values  of  crosstalk  attenuation.  Therefore  the 
interconnection  of  the  individual  'balancing  lengths  is 
carried  out  on  the  basis  of  measurements  of  the  crosstalk 
attenuation  in  the  cable. 

The  peculiarities  of  balancing  high-frequency 
cables  are  determined  by  the  nature  of  interaction  in 
high-frequency  circuits.  Here  inductive  couplings  act  in 
addition  to  capacitive  couplings,  along  with  the  in  phase 
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component bj  or.  the  whole  the  coupling  la  complex  { vector;  f 

* 

In  nature,  and  varies  with  frequency  both  in  absolute  valud 

j  and  In  phase.  High-frequency  cable  trunks  are  balanced  in  j 
i  • 

j  two  stages* 

j 

•  The  first  stage  amounts  to  common  section-wise 

f 

5  balancing,- -similar  to  that  employed  for  low -frequency  • 


? 

|  cables.  The  coefficients  k  and  e_  are  compensated  by  means  f 

j  ~  j 

•  of  transposition  and  reduced  by  capacitors  into  the  star- 

i  dard  values  given  in  Table  6-1 4. '  { 

|  :i 

j  The  second  stage  Is  carried  out  after  the  repeat-  : 

}  ered  section  of  cable  has  been  assembled,  and  ‘consists  of  j 

concentrated  balancing  of  the  cable  circuits*  first  a- con-q 

centra  ted  transposition  is  made,  and  then  (where  mceesaryf 

couplings  are  compensated  by  connecting  lump  equalizing 

i 

elements  to  oppose  the  coupling.  Both  transposition  as  I 

*  i 

well  as  the  connection  of  anti -coupling  elements  Is  car-  j 

J 

!  Pled  out  at  one  or  two  points  of  a  repeatered  section  of  ? 

]  | 

1  the  cable  line. 


! 
i 

A  completely  balanced  repeatered  section  of  line  | 

should  satisfy  the  standards  for  interference  resistance  .  ! 

i 

and  crosstalk  attenuation.  For  high-frequency  circuits,  j 

i 

the  interloop  noise  resistance  B10  (per  repeatered  sec-  j 
I  tion)  should  be,  for  all  frequency  bands  used  In  practice, | 
|  not  less  than  7*5  nepers 

|om. 
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|  6-16,  BALANCING  BY  THE  TRANSPOSITION  METHOD  j 

|  ©i.is'  method  consists  of  compensating  the  •unbalance  * 

j  .  5 

|  of  a  quad  In  one  shipping  length  of  cable  A*  by  the-un-  j 

j  .  | 

i-  balance  of  a  quad  in  another  length  B,  by  direct  connection 

!  ‘  •  ."  .  .  f 

J  ‘  i- 

l  of  the  corresponding  quads  of  two  adjacent  lengths  of  [ 

I  •.  .  £ 

;  cable  or  by  transposition  of  the  conductors  in  the  quads,  f 

i  •  ■  i 

|  Coupling  compensation  is  based’- upon  the  fact  tnat  | 

i  .  ,  l 

l  for  direct  ( straight }  connection  of  the  conductors,  tne  | 

|  ■  | 

|  coefficients  of  coupling  for  different  lengths  are  added  . '? 

{  algebraically  (k^+  while  for  transposition  they  sub-!' 

!  tract  (k^  —  k**) .  Owing  to  the  transposition  the  sign  of  f 


|  the  coupling  coefficient  is  reversed, 

f  If  connected  cable  lengths  A  and  B  have  eoeffi- 

l  .  V  '  < 

|  clents  of  coupling  which  differ  in  sign,  they  should  be 
|  transposed  "directly, "  The  total  coefficients  of  the 
[  cable  k  +  B  will  in  this  case  decrease, 

I 

i  A  i 

i  ■  Thus  for  example  t  k  sr  -400  flit* 

.  kB  *  500  ypf.. 

I  .  The  total  coefficient  kA+  kB  *  100  uuf. 


:  If  the  coefficients  for  cables- A  and  B  have  the  j 

I  -  t,  I 

j.  same  sign,  then  it  is  desirable  to  connect  them  not  ‘&i™  | 

1  .  .  .  j 

j  rectly, n  but  rather  by  transposing  the  conductors  of  one  f 
i  I 

|  cable  relative  to  the  conductors  of  the  other  cable j  here  | 

1  ■  •  I 

1  the  total  coefficients  of  the  cable  A  +  B  will  also  de-  I 

•i  I 
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crease.;  Here  the  transposition  will  be  most  effective  where 
the  quads  of  cable  A  and  of  cable  B  are  transposed  with 
equal  absolute  values  of  the  couplings  coefficients.  In 


i 

i 

j 

1 


this  case  the  coupling  coefficients  will  be  equal  in  value  | 
but  opposite  in  sign  and  will  completely  cancel  cut.  ! 

v 

Thus  for  example:  m  4 00  ypf,  \ 

i 

kB  «  400  puf.  j 

The  total  coefficient  is  kA+b*  kA  -  k®  **•  0.  • 

| 

There  are  eight  possible  transposition  combination^ 

f 

when  a  single  quad,  of  cables  A  and  B  are  joined,  ;! 

Table  6-20  gives  the  operations  involved  in  bal~  j 
aiicing  by  the  transposition  method,  and  the  arrangements  | 
corresponding  to  them.  The  operations  are  represented  by 
a  three  member  symbol:  the  first  member  refers  to  the  firs: 


circuity  the  second  to  the  second  c  ire  tilt,  and  the  third 
member  characterizes  the  phantom  circuit. 


A  dot  (•)  designates  a  "direct"  connection,  while 
a  multiplication  sign  (X)  designates  a  transposed  connec¬ 
tion,  Thus  for  example,  the  operation  (»XX)  indicates 
that  the  first  circuit,  is  "directly",  connected,  while  the 


second  and  phantom  circuits  are  transposed.  j 
I  The  various  combinations  of  transposition  give  | 
I  rise  to  various  values  of  the  resultant  coefficients  (k^ ,  j 
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For  some  section's  A  and  B  the  values  of  the  coef¬ 
ficients  will  add  while  for  others  they  will  subtract. 


**$  •  ;y^| 
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|  ^1^.  6-50.  Determination  of  the  total  coefficients  for  thel 

|  -  '  j 

|  cable  A  +  B  with  the  operation  *XX.  A)  Cable  A;  B)  cable  Bjj 

I  c)  b.  .  ‘  .  ! 


Let  us  consider  the  resultant  values  of  the  coef 


ficients  k 


1 


'©* 


k-,  and  e. 


®2*  ®d* 


for  example,  for  the  | 


|  seventh  combination  —  the  operation  ( .XX), 

|  As  shown  in  Fig.  6-50,  the  total  direct  capaoi- 

S 

f  tances  of  the  quad  of  cable  A  +  B,  transposed  according 
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operation,  will  be? 
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Substituting  the  value  found  for  the  total  direct  l 

\ 

cepaaltanoe &  into  the  .formulas  for  capacitive  and  balanced | 

coefficients  (k  and  e).,  .we. obtain  values  for  the  latter,  .  f 

*  > 

expressed  £n  terms  of  the  coefficients  for  balanced  cables  f 
A  and  B, 

'  Thus  for  example  for  the  coupling  coefficient 

4==(4+4)-(4+4). 

4= (4+ 4>- (4-1-4), 

whence  for  the  total  coefficient 


k 


/l '",  •/>  s  A E  t  .  A  Ft  \  t  A- -I'E  i  A-i-E  \ 

‘"Via  ~rcu  )•— Vni  t^2  ). 


|  Substituting  in  the  values  of  the  total  direct 

I 

|  capacitances,  ve  obtain 

I  *?* = (4+ 4+  4+4)  -  (4+  4+  4+  4) = 
1= t(4+ 4)  --  (44 4)]  -  f(44 4)  -  (4+ 4)1 = 4  - 

f  Mtirm'&W-rt? *«  me-  Www«inca)».y>WBt>it|'4« nw> m»kw »■■««  ■> /v* a«  *<h *•**■»■» 
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|  .,-  Table  6-20*  Operations  for  Balancing  by  the  Trans- 

I  position  Method.  A)  No.;  B)  operation;  0)  symbol;  D)  trans-j 
|  portion  Bohe«,  E)  «WU  AS  »  cable  B;  0)  value  of  *-  j 
|  sultant  coefficient;  H)  notes;  I)  I  —  first  circuit;  J)  Ilf* 

I  f 

\  second  circuit;  K) ' F  —  phantom  circuit;  L)  *  —  direct  con-  \ 


{  nectlon;  M)  X  —  transposed  circuit;  N)  F. 
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Consequently  .for  the'  seventh  operation  of  trans; 

B 


| position  .the'. sign  of  the  coefficient  k"  is  reversed  and  the* 

| .coefficient  kj  for  balanced  cables  subtract, 

\  J'  { 
|  In  like  Banner  it  my  be  shown  that  when  the  re-  \ 

i  i 

|  sultant  coefficient  e-.,  is  determined,  the  coefficients  do  | 

?.  .  « 
)  hot  differ  In  sign  for  balanced  cables,  but  add  \ 


e 


.4+1? 

I 


A-^rB 

bo 


4+  £ = (4+  4>  -  (4+  4) = 


(c\—c*  )  -L  <rB  — -  ) 

“  10  fctc/  f  v'30 


|  The  expression  obtained  may  be  given  in  the  form:  j 

i  *  •  ef+s=  ef-f-ef,  :  j 

j  ■  ■  -  .  ;  -  ..  j 

f  The  remaining  resultant  coefficients  k0,  k„,  e,.,»  ! 

f  3  <  | 

j  and  may  be  obtained  by  the  same  method,  I 

I  From  Table  6-20,  where  the  results  of  calculation  \ 

|  of  all  six  coupling  and  balance  parameters  are  given  for  j 
|  a  cable  quad  with  differing  combinations  of  transposition, j 

5  I 

f.  .  i 

{  It  is  clear  that  only  with  the  first  operation  the  re suit - 

i  -J 

i  lng  coefficients  equal  the  sum  of  the  coefficients  of  the  j 

I  i  ■ 

!f  .  r 

I  balanced  cables  A  and  B*  For  all  the ' remaining  operations  j 


part  of  the  resultant  coefficients  are  expressed  by  the  { 
sum.  of  coefficients.  A  and  B,  and  part  by  their  difference, "  } 
In  accordance  with  this  It  may  be  pointed  out  thatj 


!  ■ 


the  use  of  any  operation  for  single  coefficients. is  ef-  \ 
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I festive,  while  for  others  it  is  completely  unsuitable.  Thief 

I  "  ’  ‘  I 

i Is  explained  by  the  complexity  of  choosing  an  operation  I 
|  and  transposition  scheme,  since  it  is  necessary  to  choose  f 

I  it 

f  a  scheme*  which  provides  a  decrease  in  the  maximum  number  j 

F  •  i 

|  of  resultant  coupling  and  unbalance  coefficients,  j 

I  i 

I  As  an  example  let  us  choose  an  operation  for  bal-  l 


arcing  a  cable  by  the  transposition  method  for  a  cable  not* 

i 

i 

utilizing  phantom  circuits  (which  considerably 'simplifies  j 


'  f 

the  problem,  since  it  makes  it  possible  to  operate  solely  I 

/ 


with  the  coefficients  k^,  c*-L, 
po  si 1 1  on  scheme  s ) , 


e0  and  the  first  four  trans-f 

c,  i 


Talcing  the  measurement  results  given  in  columns  2  | 
and  3  of. Table  6-21  for  the  coupling  coefficients  and  un~  j 

balance  coefficients  of  balanced  cables  A  and  B,  ’the  choice 

...  | 

of  an  operation  is  carried  out  an.  follows.  •  i 

The  resultant  couplings  (k^,  e-,  eg)  for  all  op-  | 
erations  are  computed  and  set  down  without  signs  in  col-  | 

5 

urans  4-7  of  Table  6-21.  f 

J 

( 


Pdime 
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Table  6-21.,  Balancing  by  the  Transposition. Method  ( Without] 
Taking  Account  of*  Phantom  Links),  A)  Coefficients}  B)  re-  | 

I 

suits  of  measuring  the  coupling  and  unbalance  coefficients* 
(ppf)j  C)  cable  A|  D)  cable  Ej  E)  resultant  coupling  for  j 
the  different  operations}  P)  maximum  value  of  the  re si-  j 

j 

dual  coupling}  Gj  operation  chosen,  j 


'  w.#‘. hc.c* Vs ' at1'  '*&'■ tZ&^vxrm'VH 


.fvvm.****r *  -  * 


|  The  resultant;  coupling  3s  determined  with  the  aid  j 

|  '  l 

|  of  Table -6-21,  In  which  It  is  shown  whether  the;  coefficient^ 

X 

} of  cables  A  and  B  must  be  added  or -subtracted*  ; 


Thus  for  example  for  the  operation  (X.,) 


,  ,, 


eo:ns#aue 


V  u 


AfB 

1 


jo  -  (+4o)  «  -70. 


At  the  bottom  of  Table  6-21  the  maximum  values  of 


?  •  i 

I  the  couplings  are  given  on  the  basis  of  each  operation  and  I 

<i  •  J 

£  / 

the  results  obtained  are  analyzed.  It  follows  from  the  \ 

I  ;s 

I  table  that  if  the  conductors  of  the  cable  are  connected  i 

i  *  ■  •  '  I 

!  "directly”  {<•«*)*  then  the  resulting  couplings-  will  amount | 

J  '  •  ‘  . 

40;  e„  «a.50  (column  4),  while  when  trans-f  - 


to  k,  *»  10  j  <?-. 


[  position. la  carried  out  on  the  basis  of  the  operation  s 

I  '  i 

! . (XX* )  the  couplings  are  considerably  decreased  and  equal  : 

l 

]  respectively  10,  0  and  10  (column  7)«  | 

|  .  When  the  operations  (4X.)  and  (X, . )  are  used,, 

I  .  ] 

j  poorer  data,  are  obtained,  than  when  the  cables  are  Joined,  j 

'!  "directly."  j 

]  '  5 

i  'As  a  result  for  balancing  of  the  cable  quad  under  j 

j  consideration  we  choose  the  operation  (XX.),  j 

I  In  order  to  speed  up  the  choice  of  a  transposition) 

|  *  I 

|  operation  in  actual  balancing,  previously  prepared  tables 
are  used.  When  these  tables  are  available  the  choice  of 


an  operation  Is  simplified,  and  reduces  to  noting  down  the  f 
sums  of  the  coefficients  of  cables  A  and  B  In  the  free  ! 


!  columns 


Table  6-22  illustrates  the  process  of  balancing  a 


!  cable  cuad 


•i  The  results  of  measurements  of  the  coupling  and  f 

?  ■  ‘  ’  5 

{  \ 
i  unbalance  coefficients  for  cables  A  and  B  are  given  in  f 

s  ■  •  ? 

i  columns  1,  2  and  8,  •  ! 

f  .  ■  j 

I  The  absolute  values  of  the  coefficients  are  added  ’  | 

j  and  noted  in  the  open  uncrossha tched  boxes.  If  the  coef-  j 
j  fleients  of  cables  A  and  B  differ  In  sign,,  then  the  "minus f 
|  sign  is  used  while  If  they  have  the  same  signs  the  "plus"  j 
j  sign  is  used .  j 

I  The  imbalance  coefficients  (e^e^e^)  are  written  | 

|  in  columns  4-7  and  11-14,  arbitrarily  reduced  by  10 ' times . j 
]  The  reason  for  this  is  that  there  are  more  stringent  re-  j 
j  quire mente  placed  upon  the  coupling  coefficients  than  withj 

I 

|  respect  to  the  unbalance  coefficients  (see  section  6-8)* 

|  Then  the  maximum  value  of  the  sum  is  given  In  the-  bottom 

|  line  of  the  table  for  each  operation.  The  operation  Is 

|  .  .  ■' 

I  chosen  on  the  basis  of  the  minimum  sum  to  be  found  in  the 

|  bottom  line. 

.  As  may  be  seen  from,  the  table  In  the  example • given i 
the  minimum  sum  corresponds  to  the  operation  (*X»),  which  1 
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* ‘ '•  1 *■  * ■»*v  1  ^ wv.ttzn-  wmvt vhm*.***..  *««&♦«?  ,  cvi *  -j 

If’  'used  for  balancing  the  given  cable.  '  j 

j  ‘  1 

j  After  the  operation  has  been  chosen  the  •  cables  are  . 

!  '  ! 
}  temporarily  Joined  and  measurements  are  carried  out  to  ■ 

|  j 

?  check  the  resultant  coupling  and  unbalance  coefficients  I 

i  I 

|  of  cable  A  -f  E.  ( 

{  \ 

i  The  -agreement  of  the*  results  of  the  measurements  > 

j  "  I 

I  with  the  calculated  values  shows  that  the  operation  was  i 
!  ‘  | 
chosen  correctly.  | 

The  method  which  has  been  presented  for  balancing  \ 

,  ! 

|  by  the  transposition  method  on  the  basis  of  the  results  of  | 

}  measurement  of  the  coupling  coefficients  (k)  ahd  the  un-  | 

3  - 

|  balance  coefficients  (e)  are  used  for  comparatively  short 
sections  of.  cable  line  {within  the  limits  of  a  balancing 
length).  In  long  cable  lines,  for  connecting  the  balancing* 
lengths  together, and  especially  in  loaded  cables  it  is  I 

I 

{  necessary  to  operate  not  with  the  values  k  and  e,  but  to  I 

4 

measure  the  crosstalk  attenuation  between  the  circuits  of  j 
the  balanced  quad.  At  the  center  of  &  balanced  section  of 
line  the  cable  quads  are  transposed  on  the  basis  of  the 
different  operations  given  above.  At  the  same  time  the 

: 

crosstalk  attenuation  in  the  cable  is  checked.  The  trans-  I 
position  operation  is  chosen  that  provides  the  greatest 
crosstalk  attenuation  between  the  balanced  circuits.. 

In  cables  used  in  a  four-wire  system,  the  cross-  j 
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Table 
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Table  6-22. 

1  I 

Table  for  Balancing  by  the  Transposition  f 

f 

j Method.  A)  Cable)  B)  sign)  C)  operation;  D)  cable;  E)  sign.;- 

f  .  j 

If)  operation:  G)  results  of  checking  measurements;  H)  op-  i 

l  1 

(  eratlon  chosen;  I)  maximum  value  of  sum;  j)  maximum  value  } 

V  '  k 

j  of  sum;  K)  note ,  "4,r  indicates  that  the  coefficients  of  A  jj 

j 

and  B  have  the  same  sign;  "~f;  indicates  that  the  coeffi-  { 

! 

dents  of  A  and  B  have  different  signs. 
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6-17  *  BALA.HC.lKti  BY  THE  METHOD  | 

k 

OF  ADDITIONAL  CAPACITANCES  I 

f  ! 

|  Capacitive  balancing  convicts  of  equalising  the  J 

f  a 

i oauaoltlve  unbalance  of  a  cable  Kith  the  aid  of  additional  \ 

!  "  f 

|  capacitors,  This  operation-  la  carried  out  by  connecting  \ 

(  r 

i  balancing  capacitor®  of  appropriate  capacitance  between 

\  ) 

|  the  conductors  and  between  the  conductors  and  ground  (the  \ 

|  sine  sheathing) « 


The  aim  of  the  technician  doing  the  balancing  is 


to  remove  the  unbalance,  and  to  reduce  the  coefficients  k.. ,  \ 

■  •  JV  | 

I  *,%»)*:,>  &nd  e,,€,vc-,  to  acceptable  values .  using  the  fewest  j 
i  *r  5  ,  ..id  2-  O  ■  •  ’  i 

I  | 

}  number  of  additional  capacitors,  | 

f  .1 

|  The'  method  of  capacitive  balancing  is  illustrated  f 


|  by  the  example  given  below, 

|  Let  us  assume  that  measurements  of  the  coupling  co 

dents  of  a  cable  quad  yield  the  following  values: 


30 ' 


W 


4  =r  -f  %  Mj 

$  t 

**■--  +.  30  1 

i* 

On  the  basis  of  the  formula  given  in  section  6-6 

J 

I  the  equality  k..  w  —30  jn?f  shows  that  the  sum  of  the  capa- 

j  .1  * 

|  ci t5ta.ee s  (c^0  4-  c^ )  is  greater  than  the  sura  of  the  capa- 
|  citances  (c^, -f  c^)  by  30  pjif. 

I  It  is  evident  that  by  connecting  a  30  pjif  capacito 


.'owl  r»>»/.^iwv*w*- 


.-J 


*  jf 

between  conductors  1-4  or  2-3,  we  thereby  increase  the  sum  f 
"'  *  f 

(cl4  +  .<*23)  by  a  value  equal  to  the  capacitance  of  the  j 

! capacitor  which  has  been  connected,  and  thereby  reduce  the  \ 
i  i 

value  of  the  coefficient  k^  to  aero.  \ 

However  if  the  capacitor  Is  connected,  only  to  one  [ 

I  .of  the  conductor  pairs  (1-4)  or  (2-3 )>  the  values  of  the  j 

f 

coefficients  kg  and  will  vary  as  a  result.  It  may  tuna  f 
|  out  that  as  a  result  of  removing  the  Interaction  between  f 


! 

1  -i 

I  the  physical  circuits  (coefficient  k, )  there  will  be  an  I 

I  •,  1  j 

|  increase  in. the  interaction  between  the  physical  and  phan~; 

|  tom  circuits  (kg  and  k^).  .  i 

I  '  Therefore  we  do  not  connect  one  capacitor  for  jj 
balancing  purposes  but  rather  insert  capacitors  in  both  I 

i 

pairs ‘ of  conductors  (with  lower  total  capacitance)  using 
a  capacitance  equal  to  half  the  value  of  the  coefficient. 

Thus  in  the  example  considered  it  is  necessary’  to 
connect  two  capacitors  of  15  )ijpf  each:  one  of  them  between 
j  conductors  1-4,  the  other  between  conductors  2-3*  This  wilf. 


j  ensure  that  the  equality  «  0  has  no  effect  upon  the 
j  values  of  the  coefficients  kg  and.  k,. 
j  In  like  marmer  capacitors  are  chosen  to  balance 

I  kg  and  k^.  Here  kg  is  made  to  equal  zero  by  connecting 

j  capacitors  of  10  jijit  each  into  conductors  2-3  and  2-4, 

1  . . 

|  while  is  set  to  zero  by  connecting  15  ppf  capacitors 


4 

in  conductors  1-4  and  2-4.  I 

\ 

Th®  results  of  balancing  the1  cable  quad  under  con-  j 
sideratlon  are  given  in  Table  6-23 *  where  in  the  column  I 

t 

heeded  “Butn"  we  find  the  values  of  the  capacitors  which  had 

•to  be  connected  between  the  appropriate  conductors  of  the  i 

} 

cable  quad  in  order  to  remove  Interaction  between  the  eir-  - 

■  •  j 

cults,  ■  j 

Table  6-23, j 

&  j 

The  Jhl.ne.iple  of  Capacitive  Balancing  of  a  '  | 

x  * 

Cable  Quad.  A)  Coupling  coefficients;  B)  values  of  the  1 

■  I 

; balancing  capacitors  required  between  the  conductors;  C)  f 
checking  measurements;  D)  sum;  E)  calculated  least  value jj 
P)  capacitors  connected.  j 
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It  if?  evident  that  the  capacitive  balance  of  a 
quad  Is  not  upset  when  the  values  of  all  four  c&oaeitors 
ax-e  decreased  by  the  same  amount,,  Accordingly  subtracting 
the  value  of  the  smallest  capacitor  (which  was  10  jjqaf  in 

the  'example  considered),  we  obtain  the  final  values  of  the 
balancing  capacitors  which  must  be  Inserted  In  the  cable 
auad.' 
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s  Table  6-24 J 

i  ■  ? 

(l  .  Balancing  by  the  Method  of  Additional  Capaoi-  j 

j  tons .  A)  Balancing  with  respect  to  ground  (//Am  sheathing  );j 
i  J  j 

|B)  balancing  between  conductors  of  the-  cable;  C)  results  j 

! of  measurements  of  unbalance  coefficients;  B)  fraction  of  | 

j  •. 

'<  the  measured  values  which  must  be  inserted  in  empty  box; 

;  B)  capacitors  connected  between  conductors  and  ground;  P)  i 
!  results  of  measurements ‘of  'coefficients  of  edusllneri  G) 

|  fraction  of  measured  value  which  .must  be  inserted  In  empty  1 
j  box;  K)  capacitors  connected  between  conductors  of  the  \ 

I  ,  -J 

I  cable;  I)  coefficient;  J)  sign;  K)  value;  L)  coefficient;  ] 
JM)  sign;  N)  value ;  0)  sum;  P)  sum;  Q)  computed  least  j 

|  value;  R)  computed  least  value;  S)  capacitance;  T)  cap-  '  j 
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Balancing  capacitors  are  cylindrical  in  shape  and 


|  are  manufactured  in  a  wide  variety  of  capacitances,  varying 

t  by  5 . 10  ;auf.  Capacitors  arc  connected  to  the  conductors  of 

i  the  cable  at  the  transposition  point  of  the  shipping  length 
{ 

!'  sections  * 

A  general  view  of  a  capacitor  joint  is  shown  in 

,  Pig.  6-52.  : 

In  practice  capacitive  balancing  is  carried  out 
;  with  the  aid  of  special, •  previously  prepared  tables  which 


I  Fig,  6-52. ■  Capacitor  joint,  l)  Conductor  for  connecting; 
'  capacitors  to  sine  sheathing;  2)  balancing  capacitors. 


Table  6-2-4  gives  an  example  of  capacitive  balanc¬ 
ing  with  the  aid  of  a  special  table. 

The  table  consists  of  two  portions  including  the 
balancing  of  quads  with  respect  to  earth  (e^,e2,e,)  and 
balancing  between  the  conductors  of  the  quads  (k^k-^k, ). 

The  results  of  measuring  the  unbalance  and  cout>- 


■i 

i 

i* 
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j  ting  further  apart;  and  drawing  together  again.  } 

l  (■ 

i  Thus  for  example-  If  In  the  first  factory  length  of  j 

j.  ' 

! cable,  quad  No.  1  and  quad  No.  2  are  located,  together* 

!  “* 

|  then  In  the  second  factory  length;  quad  No.  2  is  separated  j 

i  * 

;  from  the  first  quad  by  one  quad  and  is  connected  not  with  ; 

t  the  second  quad  but  with  the  third  quad  and  so  forth.  With 

f  '  : 

{  such  quad  mixing  the  relationship  of  any  two  quads  with 

\  respect  to  position  recurs  rather  seldom  (for  example  with  < 

[  15  quads  in  a  layer  --  only  in  every  seven  factory  lengths)  i 
!  ’  .!• 

[  Quad  mixing  is  quite  effective  and  commonly  used*  ■ 

i  especially  in  cables  .having  a  large  number  of  quads.  j 


j  6-18,  CpKCEHTRA'fEI)  BALANCING  t  \ 

!  s 

Concentrated  or  lumped  balancing  consists  of  re-  j 

|  moving  mutually  interfering  effects  between  cable  circuits j 

I  by  compensating  couplings  at  one  or  two  points  of  the  1 

\  ? 

I  | 

I  cable  line.  The  length  of  cable  for  which  concentrated  f 

!  | 

!  balancing  is  carried  out  is  equal,  as  a  rule,  to  the  re-  \ 

\  •  ! 

|  pestered  section,  i.e.,  amounts  to  25-120  km  depending  j 

|  upon  the  type  of  cable »  [ 

I  I 

j  Coupling  compensation  is  accomplished  by  connect-  I 

i  j 

|  lng  special  equalization  circuits,  called  anti-coupling  j 

t  2 

|  elements.  Into  the  line  between  the  balanced  circuit ft .  i 

f  $ 

i  § 

|  Concentrated  balancing  ie  chiefly  used  to  protect  I 
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I  ■  ■  $ 

) high-frequency  symmetrical  cables  against  interference.  f 
I  \ 

I  The  advantage  of  concentrated  balancing  lies  In  the1' 

j .  ■."■•■! 

|  great  economy  of  a  method  which  permits  balancing  a  very  l 

I  .  '  i 

|.  long  cable  at  only  1-2  points,  since  with  normal  balancing  r 

;;  i 

I  measures  the  coupling  must  be  compensated ■ at  each  shipping  j 

f  ! 

i  length  section.  • 


|  The  concentrated-balane ing  method  is  based  upon  ] 

I  -  I 

|  the  fact  that  electromagnetic  coupling  is  complex  in  na-  j 

I  ■  ‘  I 

I  ture  and  Its  action  is  expressed  by  the  resultant  vector,  i 

I  ’■  f 

|  and  it  is  certainly  possible  to  select  anti -coupling  ele~  J 
I  I 

j  menta  which  will  compensate  for  the  effect ,<  '  | 

i  ■  i 

I  With  the  aid  of  anti-coupling  elements,  an  arti-  f 

:  j 

:  ficiai  current  L.  is  set  up  in  the  circuit  experiencing-  i 

f  K  "  I 

\ 

the  interference;  this  current  Is  equal  in  value  and  op-  ] 

i 

I  poeite  in  sign  to  the  noise  current,!.  =  —T  . '  As  -a  result  I 
|  k  n  | 

]  the  currents  cancel  and  the  noise  in  the  cable  Is  consld-  I 

1  l 

|  erably  reduced,  j 

|  The  anti-coupling  element  must  be  equal  in  abac-  j 

,  | 

■I  lute  value  to  the  resultant  vector  of  the  natural,  -coupling!* 

and  have  a  phase  (angle)  of  opposite  sign,  \ 

j 

Thus  /or  example, if  as  a  result  of  measurements  1 

| 

1  it  has  been  established  that  the  vector  of  the  natural  \ 

j  •  i 

I  coupling  in  the  cable  is:  f 

*■=50  e+m° .  i 
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♦ 

| then  the  introduced  compensating  element  must  equal :  .  j 

I  1  =  50  * 

| 

i 

I  Pig,  6-53  gives  the  basic  circuit  for*  connecting  ; 

t  i 

j  an  anti-coupling  element  between  two  balanced  circuits; 

|  it  shows  that  if  the  natural  coupling  in  the  cable  leads 

{  to  the  appearance  of  a  nc-ise  current  I  .  then  the  current  \ 

j  n  t 

!  which  is  occasioned  by  the  connection  of  the  anti-coupling : 

i  i 

}  •*  v 

|  element,  I^>  is  equal  in  value  to  the  noise  current  and  Is j 

A  % 

I  opposite  in  direction  ! 


/  r-— /  .  ! 

k  n 

As  a  result  these  currents  cancel  out,  decreasing  j 


the  Interaction  of  the  balanced  circuits. 


It  is  necessary  to  break  down  the  peculiarities  | 
in  using  the  method  of  concentrated  balancing  on  the  basis i 


|  of  the  various  systems  in  which  cables  must  be  used;  the  | 

i 

reason  for  this  is  that  the  effectiveness  of  the  method  l 

V 

* 

in  protecting  against  interfering  effects  will  be  differ-  \ 

i 

ent  at  the  near  and  far  ends  of  the  cable.  ! 


5lk 


>•  w  .rc  .iiJtex  -yt 


[It  Is  almost  Impossible  to  establish  the  effect  at  this  j 

1  ? 

; point. 

i‘  '  r- 

?  'She re  is  no  such  requirement  for  concentrated  ba.1  -  1 

5  '  » 

| anelrg  at  the  far  end  of  a  cable,  and  the  anti-coupling  [ 

}  element,  even  If  connected  in.  the  rai.ddle  of  the  line,  pro-  l 
;  vl dee  the  necessary  protection  of  the  equipment,  against 

|  j 

*  Interference .  \ 

>  Figure  6-54  shows  the  paths  of  the  interference  ;• 

r 

t  ^ 

I  and  compensating  currents  at  the  near  and  far  end  of  the  * 

i  ;i 

|  cable*  At  a  distance  the  vector  of  the  natural  coupling.’ 

i  acta,  while  the  compensating  element  has  been  shown  to  he  j 

\  | 

1  connected  at  a  distance  1. ..  It  is  clear  from  Fig.  6-54  ! 

’j  ,  .1 

t  that  in  the  case  of  interaction  at  the  far  end  of  the  I 

j  -  .  1  ' 

|  cable  the  path  of  the  noise  current  due  to  the  natural  ! 

r  \ 

|  coupling,  In,  equals  the  path  of  the  compensating  current f 

ji  i_ 

j  flowing  through  the  aoticoupling  element,  Ik,  -This  equality 

j  of  the  current  paths  for  T  and  I,,  holds  wherever  the  anti! 

I  n  k  j 

\  coupling  element  is  connected  in  the  cable  line.  Since  the} 

\  i 


|  currents  I  and  lv  are  opposite  In  phas 

?  >1  lv. 


ise,  i 


-V  ar 


f  the  interference  effect  in  the  cable  at  the  far  end  is 

t 

!  sharply  reduced. 


I 


At  the  near  end  of  the  cable  the  strength  and  phase! 

,  I 

of  the  anticoupling  current  depend  upon  the  point  at  which j 


the  compensating  anti coupling  element  Is  connected,  .As  may  j 
■  .<  •  { 
|  be  seen  from  Pig.  6-54,  the  paths  of  the  currents  In  and  j 

I  «  »  s 

lk  are  different.  If  1 1^,  then  the  current  path  1^.  Is  j 

I  *  l 

j greater  then  the  current  path  for  I  ,  and  consequently  the  s 

f  compensating  current,  suffering  greater  attenuation.  Is  ; 

i  •  ,  j 

i  i 

!;  considerably  weaker  at  the  near  end  than  Is  the  noise  cur-  | 

5  I 

\  ,  ,  I 

I  rent  I  .  s 

1  H  •  \ 


S  Compensation  does  not  even  take  place  for' 1^.4  1^, 

i  •* 

J  the  case  where  the  current  Ik  is  not  so  strongly  attenuate 
fas  the  current  In.  Here  their  phases  will  differ  but  the 
shift  will  not  equal  180  degrees.  As  a  result  a  difference 
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current  (noise)  will  be  created  in  the  equipment  associated} 
jwith  the  circuit  subject  to  the  effect.  Consequently  con-  ! 
| centra ted  balancing  of  the  effect  at  the  near  end  does  not  . 

f  i 

| yield  a  satisfactory  effect.  Owing  to  this  fact  the  con-  { 

!  } 

fcentrated  balancing  method  is  chiefly  used  for  cable  trunks'' 

|  used  in  a  two  ’cable  system,  where  interaction  between  clr-  i 

I  j 

I  cults  at  the  far  end  of  the  circuit  plays  the  chief  role.  ■ 

|  i 

I  The  following  information  is  necessary  in  the  de~  i 

!  >t  i 

|  sign  and  construction  of  compensating  anticoupling  circuits!. 

The  electromagnetic  coupling  coefficients  may  have  i 

arbitrary  magnitude  and  a  phase  lying  within,  limits  of  0  to! 

:: 

360  degrees.  ] 


The  coupling  vector  may  lie  in  any  of  the  four 


i  quadrants  of  a  rectangular  coordinate  system.  In  accordance! 


I  with  this  the  circuits  and  elements  of  the  anticoupling 


I  circuit  must  be  capable  of  providing  an  anticoupling  vectoif 

I  '  '* 

|  of  any  amplitude  or  phase. 

j  The  antieouplihg  circuits  may  be  formed  from  re- 

j  sistors  and  capacitances  R  and  C,  or  from  resistors  and 

I  t 

t 

Inductances  R  and  L.  f 

i  l 

In  practice  the  most  common  type  of  concentrated  i 

balancing  for  high  frequency  cables  utilizes  RC  circuits;  | 

the  circuits,  as  a  rule,  take  the  form  of  series-connected  j 

high  resistances  and  capacitors.  Parallel-connected  RC  cirJ 
- - — - ~~ - - - ~ - - - - - - - ’ - - - J 


i 


1  (“ 
| cults  are  net  used,  since  they  have  a  harmful  effect  on  the| 

f  ■  .  * 

| insulation  resistance  and  other  parameters  of  the  cable  it-. 

•  self. 


f  c  8 


§)  / 


r . 

'I  R 


%  /  "Sf!  a 

0  C 2 


(i  fJX, 


Fig.  6-55.  Circuits  of  anticoupling  elements 
a)  First  quadrant;  b)  third  quadrant ;  e) 
fourth  quadrant;  d)  second  quadrant. 


■»> 
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)  The  phase  of  .the  anti coupling  vector*  Is  regulated 

jby  choosing  values  of  H  and  C  and  connecting  them  In  the 
jappropriate  conductors  of  the  balanced  quad. 

1  Pig.  6-55  ehonrs  anti.coupl3.ng  AT  circui ta  for  various 

f 

'positions  of  the  anti  coupling  vector.  Conductors  1-2  belong 

s 

:to  the  first  circuit,  conductors  3-4  to  the  second. 

i1 

Series  connection  of  the  resistance  R  and  the  cap-  , 
j aci tance  C  across  conductors  1-3  gives  a  coupling  vector  ; 

T 

\ varying  within  the.  limits  of  the  first  quadrant  alone. 

< 

!  ; 

|  The  third  quadrant  may  be  covered,  by  re  versing  the  . 

j  sign  of  the  anticoupling  vector,  which  is  done  by  connect- 

|  j 

| lng  the  antinoise  element  across  conductors  1-4.  I 

i  ; 

j  .If  the  coupling  vector  must  be  located  in  the  sec-  ; 

>  ’ 

i-  i 

| ond  or  fourth  quadrant,  the  purely  capacitive  elements 

I  1 

I  must  be  connected  in  parallel.  ; 


For  this  reason  the  vector  Kb,  must  be  added  to  the  [ 

ii  i 


\  original  vector  JO, ,  and  the  resultant  anticcupl ing  vector 


j X  will  fall  in  the  appropriate  position  in  the  second  or 
| 

\  fourth  quadrant. 

\ 

■  Figure  6-56c  shows  the  circuit  of  an  anticoupling 

i 

f 

j element  where  the  vector  K  ia  located  in  the  fourth  quad- 
1 

srant,  while  Fig.  6-55<3  shows  the  vector  K  located  in  the 

I 

I  second  quadrant . 

l 


L 


Another  method  of  concentrated  balancing  utilises 


5?f 


jantlcoupling  elements  based  on  special  coils  consisting  of 
(resistances  R  and  inductances  L» 


The  principles  by  which  such  coils  act  ia  shown  on  ; 


| Fig.  6-56.  The  primary  winding  of  the  coil  consists  of  two  j 


pensating  inductance  coils.  A)  R oVj  B)  LoVj 


sh 

C)  primary i  D)  secondary!  E)  first  half  of 
the  coil |  F)  core;  G)  second  half  of  the 
coil. 


I  series-connected  halves  with  turns  wound  in  opposite  dl-  I 

|  •  j 

|  rections.  The  secondary  winding  consists  of  the  same  two  \ 

\  halves  with  the  turns  wound  in  the  same  direction.  As  a  j 

|  I 

|  result  the  inductive  coupling  between  the  primary  and  sec-| 
|  '  § 
I  ondary  windings  will  be  zero  since  the  coupling  contains  f 
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[two  components  which  are  equal  In  magnitude  but  opposite  inf 
[sign*  There  is  a  core  in  the  coil  consisting  of  two  rigidly! 
fastened  but  mutually  insulated  portions.  'When  this  core  is; 

I  ,  5 

[located  exactly  in  the  center  (zero  position),  the  coupling! 

f  > 

between  the  windings  will  remain  equal  to  zero.  \ 

»  "  : 

!  if  the  core  is  shifted  to  one  side  or  another,  then 

|  j 

i  coupling  of  one  side  or  another  begins  to  predominate .  In  ■* 


i  order  to  give  the  inductance  of  the  coil  a  complex  charac-  >. 
f  ■'  \ 

ter,  corresponding  in  frequency  variation  to  the  real  and  'j 

*  ’  J! 

Imaginary  component  of  the  electromagnetic,  coupling  of  the 

i 

¥ 

cable,  and  inductive -real stive  shunt  is  connected  across  J 

one- of  the  windings  of  the  coil,  with  the  appropriately  j 

| 

I  chosen  resistance  R  .  and  inductance  L  .  .  .  i 

i  Bn  sn  ) 


There  are  also  inductive  coils  in  which  the  complex 


j  character  of  the  anticoupling  vector  has  been  obtained  not < 
by  using  an  Inductive -re si stive  shunt,  but  by  using  a 


an  ! 


V 

j 

|  special  moving  wheel.  The  circuit  of  such  a  coil  is  giv 

|  ! 

in  Pig.  6-57.  Here  the  coil  is  located  in  a  screen,  above  j 

j  which  a  movable  metal,  wheel  is  located.  There  is  also  a  \ 

f  t 

j  movable  core  within  the  coil.  %  moving  the  core  It  is 

|  possible  to  vary  the  Imaginary  component  of  coupling,  as 

i  ‘  , 

|  well  as  its  phase,  and  by  moving  the  wheel  along  the  screeiji 

from  one  end  to  the  other  it  is  possible  to  regulate  the  | 

t 


real  component  of  the  coupling  within 


specific  limits.! 
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,y 

It  should  be  kept  In  mind  that  if  the  disturbed  clrt 


t  •  w  ■  ys< KiwwvaV' ts 

i 


•cult  II  and  the  disturbing  circuit  t  are  interchanged,  the 


{values  of  noise  and  the  corresponding  results- of  me a sure men 

t  '  f 

iof  the  coupling  coefficients  (measuring  I -IX.*  and  then  II-lJ 
f  •  { 

(may  differ.  This  is  explained,  primarily  by  the  difference  f 

l  •  \ 

| in  the  propagation  constants  of  the  first,  and  second,  ; 

!f2,  circuits,  as  well  as  by  indirect  -interaction  through  a.  \ 

«  ...  .1 
(third  circuit.,  and  iy>nuniformity  In.  the  circuits  themselvesj. 


Fig,  6-57*  Circuit  of  a  compensating  coil 
with  a  moving  wheel.  A)  Screen,*  B)  movable 
I  core }  C)  movable  wheel* 

I 

a 

I  . 

I  On  .account-  of  this  compensation  of  interaction  at 

{one  point  does  not  give  satisfactory  results,  owing  to  the 

{difference  of  coupling  vectors  in  the  two  cases  of  inter- 
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jacfcion  and  the  r.ece 8 sit"  cf  compensating  for  them  by  using 
^different  anti  coupling  circuits . 

?  •  This  factor  shows  up  especially  strongly  when  com¬ 

pensating  couplings  over  a  wide  frequency  band. 

It  has  been  shown  both  theoretically  and  experi¬ 
mentally  that  if  concentrated  balancing  Is  carried  out  at 
•  two  points  of  the  cable  line.,  it  wl.31  provide  satisfactory 
l compensat.3 on  of  coupling.  It  has  been  found  in  practice, 

•*  that  especially  satisfactory  results  are  obtained  when 
i' balancing  is  used  at  two  points  A  and  B  located  at  distance 
'  A «  -  Al  and,  3=  2/~l  where  1  is  the  length  of  a  reneatered- 


i  section  of  the  cable  line. 

{  * 

s  ; 

I  Thus  for  example  if  a  repeafered  section  of  a  high 

t 

i  frequency  lint:  equals  30  km,  the  concentrated  balancing  • 
l 

i 

t  elements  are  connected  at  the  points  A  »-  3  0  km  and  J?  —  20 

i  ; 

|  km . 

i 

*  v 

!  There  are  long  line  trunk  cables  in  which  the  com-  ’ 

?• 

y  ' 

|  pensating  elements  for  coupling  are  installed  not  in  the 

|  line  but  at  the  repeater  points  and  the  terminal s  on  spe- 
I  • 

:  clal  frames.  In  general,  in  these  cases,  the  concentrated  ; 

|  balancing  is  carried  cub  with  the  aid.  of  inductance  coils  : 

l 

| 

|  (R  and  L  circuits),  • 

/ 

Concentrated  balancing  is  carried  cut  on  the  basis; 

* 

l 

5  of  the  results  of  measurements-  of  the  resultant  vectors  of! 

L .  u<;  r<r  I 


hot. 
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Electromagnetic  coupling  at  the  highest  .frequency  trans 


mi t ted 

f  " 

..  However, 

it  is  nec< 

*sa 

ary 

jet  her 

frequencies 

as  well. 

in 

8.  Ti  ( 

factor 

y  protectio 

n  against 

in 

terf 

range 

of  frequenc 

ies  used  : 

Ln  ; 

pra  c 

In  addition  to  the  insertion  of  lumped.  equalization 
elements  to  compensate  for  coupling,  concentrated  balancing 
by  means  of  isolated  transposition  is  also  widely  used* 

Concentrated  transposition,  as  a  rule,  is  carried 


out  at  one 

o 

4-5 

O 

poirv 

ts  in  a  length 

of  cable  equal  to  a 

repeats red 

section 

'  "TV, 

«  JLi\ 

the  majority  c 

if  cases  the  circuit  i 

transposed 

at  the 

same 

points  at  whic 

>,h  compensating  anti- 

! coupling  elements  are  connected, .  i.e*,  at  the  points  A*  1/3 
:  and  B  «  21/3. 

j  Balancing  by  the  method  of  concentrated,  transposl-  \ 

.  tion  is  carried  out  on  the  basis  of  the  results  of  measure -I 

S ments  of  the  cross-talk  attenuation  between,  circuits  I  and  ’ 

‘  ) 

!  :  .  •  • 

Ill,  normally. at  the  far  end  of  the  cable  line.  The  cross-  I 

S  | 

j  talk'  attenuation  is  measured  for  different  combinations'  of  i 

| the  transposition  operations  at  points  A  and  B>  and  the 
(  ' 

(cross-talk-attenuation  measurements  are  carried  out  for  two! 

I  ! 

{Interaction  combi nation a :  from  the  first  circuit  to  the  ; 

i  f. 

f  ■  k 

1  second  —  By and  from  the  second  circuit  to  the  first  —  \ 

I  L/  XX  j 

h/  L,  }}'  ■  ■  I 

l^rjyT  ft  tf 


jr'  H«vi,.i**'u1,,.,.if(%j»  ••.  ?»:«-.:  »-  tfLffr.n  4  •*!?'''■''?<'*  **?*«*£»  {.«"•.»»►  .  »**■ . 

Table  6-2.5  gives  the  possible  variations  for  the  j 
Combinations  of  transposition  operations  at  points  A  and  E.  I 
Phantom  circuits  are  not  need  in  high-frequency 


I  j> 

*c oroBiUTi i c a t- i on s  cables;  thus  the  operations  associated  *vi cb  j 
f  ’  } 

| the  indexes  for  ph&n to circuit  transpositions  are  not 

f 

{shown  In  Table  6-25 . 


f 

i  on  the  basis  of  the  ve BV.lt n  of  measurements  of  the  f 

j  5 

[cross-talk  attenuations  Bj  A--  &r<i  et  Po:,-nts  A  Enci  ^  j 

-the  two  operations  are.  chosen  which  yield  the  largest  value? 

r  I 

|of  cross-talk  attenuation,.  ; 

(  ,  i 

!  All  measurements  and  the  choice  of  operations  are  i 

f  1  1 

j  carried  out.  at  the  highest  transmitted  frequency,  while  at  I 
(the  same  time  the  cross- talk  attenuation  is  checked  at  in-  j 

t  5 

tonne  a  late  frequencies. 

Cable  balancing  normally  begins  with  the  use  of  tnej 
I  concentrated  transposition  method}  later,  quads  which  do  notj 

j 

I  satisfy  the  standards  are  additionally  balanced  by  the 

*  j 

method  of  connecting  compensating  anticoupling  elements  at  j 

S 

widely  separated  points.  \ 

i 

i 

t 

J? 

£ 


*4aw*f4i c 


4  r***,** 


Table  6-25.  I 
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Various  Combinations  of  Operations  for  Concert-  | 

| 

trated  Transposition,  A)  Combination  No.j  B)  operation  of  f 

■  -  -  i 

transposition  at  point : j  C)  results  of  measuring  cross-talk! 

i 

*  5 

attenuation  (nepers),  I 


6-19.  EQUALIZATION  OP  EFFECTIVE  CAPACITANCES 
AND  PURE  RESISTANCES 


In  order  to  improve  the  uniformity  of  cable  ci: 


r  r*V*r/r\*...*«.  <?V*A  ■•  * 


'  •  lW*^ht'i*^4fcl,|rf-.v*Cy*..-,v  •VjmWUV 


}«•«&•  ,>^^-4»#ra  :  'tap*?*. 


ft  he  input  impedance,  and  to  Increase  the  cross -talk  attenu- j 

\  f 

sation,  during  the  assembly  of  cable  ■•lines  the  effective 

•  ..  . .  > 

[capacitances  are  equalized  and  the  resistive  unbalances  of  ; 


I 


jthe  conductors  are  removed  „ 

[ 

|  This  is  especially  important  in  coll -loaded  cables 

[and  circuits,  "used  in  carrier-frequency  multiplexing, 

j  i 

{  The  permissible  deviations  for  the  effective  can-  * 

|  t 

iacitancee  and  resistive  unbalance  of  conductors  is  given  in- 

v  i 

section  6-8,  j 

] 

The  effective  capacitances  are  equalized  in  two  ) 

| stages.  First  .factory  lengths  of  cable  are  divided  into  4-8! 

j  . .  ' 

[groups  so  that  the  average  working  capacitance  of  any  group, 

differs  from  the  average  working  capacitance  of  ail  the  f 

cables  of  a  repea tered  section  by  not  more  than  £  2$,  j 


11ms  for  example  if  the  average  working  capacitance; 

1 

of  a  repeatered  section  of  cable  is  0,030  pf,  then  the  ef- j 


fect-lve  capacitance  of  the  first  group  should  be  not  less  | 

I 

than  0.0294  }if,  and  the  effective  capacitance  of  the  next  j 

group,  not  less  than  0.0306  pf.  The  capacitances  of  the  re-] 

i 

j maining -groups  should  lie,  in  steps,  within  the  limits  of  { 
j 0.0294-0.0306  pf.  * 

The  cable  should,  be  laid  in  such  fashion  that  the 


factory  lengths  of  cable  of  one  group  are  placed  next  to 


those  of  the  adjacent  group  on  the  basis  of  increasing  or 


,r  j 


•? 

decreasing  numbers  of  the  group* 

I  The  second  stage  in  equalising  the  capacitances 

{consists  in  the  choice  of  quads  in  joints  when  the  cable  is 
^assembled .  The  choice  of  quads  is  carried  out  so  as  to  de- 
i  crease  the  deviation  of  the  effective  capacitance  of  the 
"circuit  from  the  average  effective  capacitance.  In  order  to 
■  do  this.,  when  the  factory  lengths  of  cable  are  assembled, 
’.the  quads  with  the  greatest  positive  capacitance  deviation 
-are  singled  out  and  connected  to  the  quads  having  the 

s 

\ greatest  negative  capacitance  deviation, 
f  ' 

The  selection  of  quads  on  the  basis  of  the  effeetiv 
|  capacitances  is  chiefly  carried  out  at  the  capacitor  joints: 
|  and  the  coil-loading  boxes, 

i 

* 

i  ? 

|  If*  the  resistive  unbalance  of  the  conductors  ex--  • 


1 ceeds  the  permissible  standard,  it  toe  is  equalized.  In 


{ order  to  do  this,  high-resistance  conductor  is  soldered  to  * 
* 

i 

\  the  conductors  having  less  resistance.  For  this  purpose. 


|  as  a  rule,  insulated  cons  tan  tan  wire  is  used,  0,8  mm  in 

\  ; 

I  diameter.  ; 

}  It  should  be  noted  that  the  input  impedance  of  a 

i  .  ' 

l 

I  cable  circuit  is  basically  determined  .by  the  uniformity  of1, 

i  : 

\  the  first  10-20  cable  lengths  from  both  ends  of  a  re~n 

l  : 

Ipeatered  section:  therefore  they  should  be  balanced  and  { 

!  * 

i equalized  with  especial  care.  i 
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.  CHAPTER  SEVEN 


|  IMTERACTIO??  IN  COAXIAL  CABLES 

j 

V-l.  THE  NATURE  OF  INmKEAC71CL  IN  COAXIAL  CIRCUITS  j 

i* 

i 

i  When  current  is  prseed  through  symmetric  circuits,,  1 

there  appear  about  them  external  fields:  electrical  (E  and: 

;fy)  arid  magnetic  (Hr  and  H^}  (Fig.  7-1).  ) 

If  any  circuit  II  falls  vi thin  the  sphere  of  actio.nl 

5  j 

jof  the  electromagnetic  field  of  a  circuit  1,  then  there 

jj  t 

[will  he  induced  a  current  in  circuit  II,  which  will  take  1 


1  A 

’the  form  of  interference  with  the  basic  transmission  being  ? 

I  .  \ 

s sent  over  circuit  II.  •  • 

I  ; 

|  The  electromagnetic  interaction  between  symmetrical' 

J  circuits  has  come  to  be  expressed  with  the  aid  of  the 

j  capacitive  and  Inductive  coupling  coefficients  or  in  terms  : 

;  > 

\ 

} of  the  cross- talk  attenuation.  * 

|  ' 

•  It  has  been  shown  above  that  coaxial  circuits  have  I 

i  i 

l 

|  no  external  lateral  electromagnetic  fields  of  the  3  , E<,;  : 

i  ¥  t 


i  type  or  of  the  Hr,H^  type 


The  radial  electrical  E  .and  tangential  macnetic  i 

Y>  --  ■? 


t  f 

j  \lco  fields  of  a  coaxial  circuit  are  short  circuited  within 

9  ■ 

! the  cable  between  the  inner  and  outer  conductors:  the 
j.  J  7  ! 

land  H  fields  arc  absent  owing  to  the  axial  symmetry  of  thd 


|  cable 


f  Thus  a  coaxial  circuit  .II,  located  next  to  a  coax-  f 

i  '  f 

|lal  circuit  I,  through  which  energy  Is  being  transmitted,  i 

j  ( 

| will  not  experience  the  influence  02?  electromagnetic  fields.. 

\  •  .  •  •  ;. 
[In  the  radial  and  tangential  directions,  j 

For  this  reason  it  would  appear  that  these  circuits! 

;■ should  not  experience' the  effect  of  mutual  interference, 

i  ■  ■ 

[unlike  sp» trie  circuits,,  In  actuality  however  the  oppo-  i 

s  .  .  « 

| site  is  true,  since  adjacent  coaxial  circuits  do  affect  f 

j  \ 

} each  other  and  are  susceptible  to  extraneous  sources  of  i 

I.  t 

|  noise  (radio  stations,  electrical,  power  transmission  lines,} 

| etc.},  ’  '  ] 


Coaxial  cables  are  liable1  to  mutual  and  external 


interference  owing  to  the  longitudinal  components  of  the 
electrical  field  directed  along  the  axis  of  the  coaxial 
cable,  E„. 

|  Of  course  in  symmetric  circuits  there  Is  also  a. 

|  voltage  drop  along  the  conductors,  and  a  longitudinal 
|  electrical  field  E^,  but  its  effect  is  considerably  weake: 
I  than  that  of  the  radial  and  tangential  fields,  and  thus 
|  when  the  processes  of  interactions’  in  these  circuits  are 

i 

I  considered,  it  may  be  neglected... 

| 

j  In  coaxial  cables,  where  there  are  no  external  ra- 

f  " 

I  dial  or  tangential  fields,  interference  is  determined  pre 
f 

|  cisely  by  the  longi.tud3.nal  field. 


-  I.. 


I**1/**1  nfl*  £  < 


j  Pig.  7-1.  Electromagnetic  field,  a)  Symmetric  construction^ 
t  b)  coaxial  construction*  A)  Magnetic  field;  B)  electrical  j 


|  field* 

| 

'  >_  J 

i  The  interaction  of  two  coaxial  circuits  1  and  II  | 

} 

occurs  by  way  of  a  third  intermediate  circuit,  formed  by  ) 

\  '  | 
1  the  outer  conductors  of  the  circuits*  j 

!  I 

|  As  can  be  seen  from  Pig.  7-2  three  circuits  par-  j 

|  ticipate  in  the  interaction  of  coaxial  circuits:  ( 

1  ' 

1  I  —  the  disturbing  circuit;  1 

I  '  i 

|  II  —  the  disturbed  circuit;  j 

I  III  —  the  intermediate  circuit  consisting  of  the  ! 


S  outer  conductors  of  I  and  II.  \ 

\ 

;  The  physical  interaction  between  two  coaxial  cable's 

:  may  be  represented  in  the  following  manner*  ■  f 
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f 


i  *  .  I 

i Fig.  7-2.  Interaction  circuit  in  coaxial  cables.  I)  -Die-  | 

I 


Iturbihg  circuit;  IT)  disturbed  circuit;  III)  intermediate  f 

circuit.  1 

J  .  j 

|  The  current  flowing  through  the  outer  conductor  of! 

j  .  \ 

the  disturbing  coaxial  cable'  I  sets  up  a  voltage  drop  on  \ 
its  external  eurfacej  In.’connectlon  with  this  the  longi-  j 

j 

;  tiviinal  electric-field  component  E_  acts.  This  sets  up  a  ; 

i  z  1 

|  current  on  the  external  surface  of  the  outer  conductor  of  j 

f  the  disturbed  cable  II.  Thus,  an  intermediate  current  loon  l 

I  | 

is  formed  by  the  two  outer  conductors  of  the  cable;  an  emf 1 

\  1 

5  ■  * 

s  equal  to  the  Ez  on  the  external  surface  of  the  outer  con-  j 

!? 

duetor  of  the  disturbing  cable  acts  in  this  circuit.  I 


j  The  current  flowing  along  the  outer  conductor  of 
j  the  disturbed  cable  creates  a  voltage  drop  which  sets  up 
I  interference  in  the  circuit. 


* 


•  .rV-  •■>:;«**-**  t-Mer  -n?n-.n  < 


liras  the  inech&nl sxn  of  interaction  of  coaxial  cables' 
is  as  follows:  the  interfering  circuit  I  creates  a  voltage 

i 

and  current,  in  a  circa:!  t  III,  which  in  turn  seta  up  an  in-  . 
terferirg  circuit  with  respect  to  circuit  II,  inducing 
noise  currents  in  it. 

The  intensity  of  the  inter-circuit  interference  is 
determined  by  the  strength  of  the  3  ongltudinal  component 
of  the  electrical  field,  E_.,  cr  the  external  surface-  of 

Y-t  ‘ 

the  outer  conductor  of  the  interfering  coaxial  circuit. 

The  greater  the  Magnitude  of  E  ,  the  greater  the  voltage 
and  current  in  the  intermediate  circuit  I'll,  and  corres¬ 
pondingly  the  noise  current  in  tan  disturbed  circuit. 

The  froqu.ex.cy  dependence  of  coaxial -cable  inter-  : 


fovenet 

?  is  in 

principle 

different 

than  that 

of 

sy: 

circuits,  Whil 

e  in  the.  1 

at- ter  the 

intend  re  •. 

nit 

in 

li'icreai 

jes  witl 

.  frequency 

and  the  t 

■e  sis  farce 

to  ex 

noise  drops,  the  opposite  is  true  cf  coaxial  cables.  In 
coaxial  cable  transmission,  the  least  noise  resistant  fre¬ 
quency  band  j ies  in  the  $0-6C  Ice  region,  as  illustrated  in 
Pig. '7-3, 


****  -Y. .WT<I- ?.»•  I^:..1ij.t.1^,-(3!^srtr -V^ P Wt^  *•*  "  '  * 

'  vJ 


Pig.  7~3»  The  frequency -dependence  of  Inter¬ 
ference  In  .coaxial  and  symmetric  cables,  l) 
Symmetric s  2}  coaxial  cable.  A)  Noise  current. 


This  .Is  explained  by  the  fact  that*  owing  to  the 
proximity  effect  in  coaxial  cables*  the  current  density 
In  the  outer  conductor  Increases  from  outside  to-'  inside 

| 

i  surface,  and  as  the  frequency  Increases  the  current  has 

f 

j  a.  tendency  to  concentrate  on  the  inner  surface  of  the 
| 

I  outer  conductor,  while  on  the  outer  surface  the  density 
* 

j  decreases.  Tims  as  the  frequency  increases  the  field 
|  strength  E  decreases  on  the  outer  surface  of  the  outer 
1  conductor,  and  the  self- shielding  effect  of  a  coaxial 
I  cable  increases. 


At  very  high  frequencies,  where  all  of  the  '  current* 
is  concentrated  within  the  coaxial  cable,  the  field  strength 


-  Cl?  JU 
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I  t 

}  TSl  beyond  the  cable  tends  to  zero,  the  screening  effect  I 


\  reaches  a  maximum,  and  the  Interaction  of  the  circuits 

j 

! 

i  theoretically  vanishes.. 


'  i 


f  The  interaction  of  coaxial  circuits  also  depends  {' 

v  1 

}  J 

)  upon  the. structure  of  the  outer  conductors,  their  physical  { 
\ 

l  arrangement,  and  the  material  from  which  .they  are  manu- 

1  ' 

I  factured.  In  particular  the  thicker  the  outer  conductor  tb^ 

I  \ 

\  less  the  Interaction.  ■  j 

i  .1 

|  Steal  has  better  screening  properties  than  copper, j 

I 

I  and.  thus  for  protection  from  interference,  chiefly  in  the  | 

!  '  I 

\  high  frequency  region,  the  surface  of  the  copper  outer  | 

i  I 

j  i 

I  conductor  coaxial  cable  is  covered  with  two  spiral  layers  f 

s  1 

I 

of  steel  tape,  .;  «  j 

\ 

Just  as  in  symmetric  circuits,  the  Interaction  in  = 

\ 
i 

|  coaxial  circuits  is  expressed  and  standardized  In  terms  of| 

]  the  cross-talk  attenuation  at  the  near  end,  B«,  and  at  the! 

I  | 

k  far  end,  E~  of  the  cable .  r 

I  '  i.  | 

|  In  considering  questions  connected  with  inter-  ’ 

|  I 

i  ference  in  coaxial  cables,  another  parameter  is  used  { 

1  I 

|  called  the  coupling  impedance  or  the  cross-talk  Impedance,! 


)  7 

|  "12* 


This  parameter  is  formally  similar  to  the 


|  electromagnetic  ‘coupling  coefficient  in  symmetric  circuits!. 
It  intrinsically  corresponds  to  the  resistive  coupling  I 


L 


!  coefficient  r. 

f  •  •  "  *  -“  •  •  .  j 

1  In  addition  to  the  interaction  of  coaxial  circuit Ej 

j  1 

I  it  is  also  necessary  to  consider  their  liability  to  inter-. 

|  •  ) 

|  ference  from  powerful  radio  stations.  j 

f  ■  i 

I  The  electromagnetic  field  radiated  by  the  antenna  f 

)  l 

\  of  a  radio  transmitter  is  propagated  through  the  air,  .  i 

\  '■  { 

|  penetrates  into  the  ground,  falls  upon  the  sheath  of  the  I 

r  5 

)  cable  and  the  coaxial  circuit  within.  The  interference  | 

I  effect  is  due  to  the  horizontal  component  of  the  electricafl. 

:  1 


field,  Eh  (Fig.  7-4) 


Ev  —  Vertical  component  of  the  electrical 


field.;  E, 


n 


horizontal  component  of  the 

h 


electrical  field.  A)  Eyj  B)  EK. 
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|  It  has  been  established  experimental.'.:.^ .  that  in  '  j 

|  unshielded  coaxial  cables,  radio  interference  is  felt  w 

V  *  “*  . 

j  to  4 0  kc,  while  In  shielded  cables  it  is  felt  up  to  15  he. • 
I  Underground  coaxial  cable  trunks,  used  for  frequencies  of  j 

i  '  ) 

j  60  kc  and  above,  as  a  rule,  are  free  of  radio  station  in--  ■ 

t 

I  terference. 


7-£.  COUPLING  IMPEDANCE  j 

j 

The  coupling  Impedance  ^skes  f  he  form  of  a  j/c-| 
la t ion  of  the  voltage  excited  on  the  external  surface  of  | 
the  outer  conductor  of  a  coaxial  cable,  Uc,  to  the  currenij 
flowing  in  the  coaxial  circuit,  I#  Keeping  in  mind  that  j 
the  voltage  1!^  corresponds  to  the  longitudinal  component  j 
of  the  electric  field  on  'this  surface  of  the  conductor,  j 
we  may  write :  j 


As  can  be  seen  from  Pig.  7“5>  when  a  current  is  • 

(■ 

passed  through  a  coaxial  circuit,  a  voltage  drop  is  set  j 

up  on  the  outer  conductor,  and  a  longitudinal  electric-  j 

field  component  E„  cornea  into  play:  this  causes  Inter-  j 

* 

ference  between  the  circuits.  s 

i 

A  relationship  of  the  magnitude  of  to  the  cur-  ( 
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i 

i  rent  in  the '  circuit  permits  qualitative  evaluation  .of  the  * 

)  coupling  Impedance,,  The  greater  Z,  OJ  the  greater  E,„.  at;  the  1 
•  .  ■••  - 

f  external  surface  of  the  outer  conductor  of  the  coaxial 
I  cable  and  beyond  it,  and  the  greater  the  interference  of 
;  the  given  circuit' with,  others, 

J 

The  coupling'-  impedance  Z,  ,,  determines  the  strength 

■  r  •  '  ‘  JL  ft  w 

t  of  the  field  about  the  coaxial . cable,  -characterizes  the 

i  amount  of  energy  transmitted  along  the  interfering  coaxial- 

*  .  '  .  '  ‘ 

;  circuit  I,  transferred  to  the  Intermediate  circuit  m, 

t  * 

l  ■ 

f  and  thence  to  the  disturbed  circuit  II, 

f 

i  .  : 

\  'fhe  longitudinal  -electric-field  component  on  the  * 

;  %  ) 

■  external  surface  of  the  outer  conductor  of  a  coaxial.  cabl4, 

f  0.  i 

:  E~,  may  be  represented  as  the  product  of  the  current  den-  r 


sity  at  this  surface  J"  and  the  resistivity  -of  the  metal 


>  * 


t 


i-C  \c 

t  ~  J  p. 


r  A),  from  which  it 


'  $  *  r,  * 
t  Since  Z.,  r,  ~  E'/I,  we  obtain  Z.  r.  -- 

i  a  &  &  I  k 

.? 

|  follows  that  the  coupling  impedance  2^  is  directly  pro 
>  portion ai  to  the  current  density  Jc  at  the, outer  surface 
j  of  the  coaxial  cable* 


1 „ :<*w Hf-W  **+>*»*  , 


"to**#* 
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Fig.  7-5.  Diagram  for  the  discussion  of 
the  coupling  impedance  of  a  coaxial  cable 


Fig.  7-6  shows  the  pattern  of  dtstrirmtlon  of  cur 
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is  at  a  'maximum  for  DC#  .  and  is  numerically  equal  to  the  DO  * 
resistance  of  the  outer  conductor  of  the  cable#  Rq  { 


■*? 

rfr*  i  *> 


F  IF  £l 

if  . 

1  4  4  4 


/? 
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This  la  the  case  In  which  the  greatest  amount  of 
the  energy  transmitted  over  circuit  I  is' transferred  to 
circuit  11  In  the  form  of  noise. 

As  the  frequency  of  the  transmitted  current  in¬ 
creases,  Z jg  decreases  and  the  interference  between  the 
coaxial  circuits  decreases  correspondingly. 


f 


a>Za-~C 


Fig.  7-6.  Distribution  of  current  density 
along  the  outer  conductor  of  a  coaxial 
cable  at  different  frequencies. 


| 

The  entire  discussion  presented  above  refers  to  | 


-WBsnwif*; 


fly  wants*.  w.W-  K.ma,  -'** 


|  an  interfering  coaxial  cable  (the  energy  source  lies  with  * 


I  in  the  circuit).  However  It  also  applies  to  the  case  where | 
the  disturbed  circuit  is  subjected  to  the  influence  of  an  1 

i 

energy  source  located,  outside  the  circuit.  However  in  thlej 

|  ca sc,  the  greatest  current  density  will  be  found  not  at  thi 

)  inner  but  at  the  outer  surface  of  the  outside  conductor  of* 

*  • 

|  the  coaxial  cable  (Pig.  7-7),  ,  j 

t  1 

;  Two  coupling  impedances  are  involved  in  the . trans-l 

{  f 

j  far  of  energy  from  the  first  coaxial  circuit  to  the  second,- 

i 

Z12  ~~  *ov  disturbing  circuit,  and  Z”p  for  the  disturbed 
circuit.  •  I 


Pig.  7-7.  The  distribution  of  E  and  the 
corresponding  current  density  axong  the 
outer  conductor  of  a  coaxial  cable,  a) 
The  source  of  energy  lies  within  the  cir 
eui t  ( d  1  sturbing  -  cir cui t ) ; 

b)  the  source  of  energy  lies  outside  the 
circuit  (disturbed1 circuit ) . 
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Fig.  7-8  gives  the  diagram  for  determining  the 
coupling  impedances  of  two  coaxial ■■  cables*  . 

In  order  to  compute  the* magnitude /of  the  coupling 
impedances  for  a  coaxial  cable  within  the  frequency  band  ■'•  f 
used  in  practice  the  following  formula  is  used:  f 


Z 


12 


ec 


1 2lF&«r« 


(7-1)1 


where  scr  j/ytattj**,-  is  the  eddy-current  coefficient j 

jb  and  c_  are  the  inner  ,  and  outer  radii  of  the  outer 
conductor  of  .the  coaxial  cable,  in  cmj 


t.  is  the  thickness  of  the  outer  conductor,,  in  cm*  j 

In  practical  unite:  *i|  '“4^p»I0  9,  i 

.  Yi  =  Y-104.  I 


Fig.  7-8.  Determination  of  coupling  im¬ 
pedances  of  two  coaxial  cables'  s^g  =  If/l* 

s12  iE  the  coupling  impedance  (resultant) 


5^3 


Pig*  7-9.  Coupling  impedance  of  various 
types  of  on tor  conductors  for  coaxial 
cables.  1)  Closed  copper  shell ;  2)  closed 
lead  shell j  3}  shell  of  copper  tape j  A) 
laminated  shell.  A)  ohms/km j  B)  coupling 
impedance  _{  c)  kc. 


[  In  the  very  high  frequency  region, • where  tft  >  3,  the  quan- 


4- 
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lty 


12 
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(7-2) 


Prom  the  formulas  which  have  been  given,  it  fol- 


;  lows  that  the  coupling  impedance  decreases  sharply  as  the 


i* 


I  frequency  increase  s',  or  the  thickness  of  the  shell  becomes  \ 
|  greater* 

t 

i 

Fig,  7-9  shows  the  frequency  dependence  of  Z~.r-t  for 

•  copper  and  lead  closed  shells,  as  well  as  for  a  laminated  I 
>  shell j  and  a  shell  made  of  copper  tape ,  It  is  clear  from  ’ 

,  the  graph'  that,  copper  presents  better  protection  against 

i  noise  than  does  lead,  while  the  best  result  is  given  by 

*  ■  .  "*  *'  '  | 

;  the  laminated  shell.  While  for  the  closed  shells  Zir.  de-  ! 

I.  creases  as  the  frequency  rises,  2U0  increases  with  the  ; 

j  ■  ■"  ”  | 

tape  shell  and  its  ability  to  withstand  interference  drops. 


j  I’hie  is  explained  by  the  presence  in  the  shells  which  have.! 


}  been  wound  of  longitudinal  external  magnetic  fields.*  - 

f 

« 

|  •  In.  the  type  2. 6/9. 4  trunk  cable,  a  bimetallic  cop- 

j  per- steel  shell  is  used,*  -in  this  ease  the  thickness  of  the; 
steel  layer  and  its  permeability  have  &  great  effect  upon  j 

I. 

|  the  magnitude  of  j 


Tables  7-1  and  7-2  give  calculated  values  of  Z, 0 

wL  ir! 

for  bimetallic  shells  of  various  structures. 
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feP'CVMH 

\  **" 

|  J 

c.oss 

0,02 

30 

!  2 

0,045 

0,02 

30 

|  s 

0,035 

0,03 

30 

4 

0,045 

0,03  1 

30 

i  5 

0,035 

0,02 

im 

j  6 

0,045 

0,02 

100 

1  ? 

0*035 

0,03 

100 

|  S 

0,045 

0,0 1 

100 

|  9 

0,035 

0,02 

300 

1  ■  10 

0,045 

0,02 

300 

I  11 

0,035 

0,03  ' 

300 

I  12 

£ 

f 

0,045 

0,03  ! 

300 

TABLE  7-1  •  Structural'  Data  for  Bimetallic  Shells,  k)  She 
No.  j  B)  thickness  of  copper  shell,  cm;  C)  thickness  of 
steel  shell,  cm;  D)  permeability  of  the  steel. 
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We  have  said  above  that  the'  coupling  impedance  'Z.tr,\ 


j,  r~ 


i 
( 

|  is  numerically  proportional  to  the  eminent-density  vector 

i  *  O' 

|  at  the  external  surface  of  the  outer  conductor,  J",  Simll- 

! 

I  arly.P  it  may  be  said  that  the  current-density  vector  at 
I  the  inner  surface  of  the  outer  conductor  is  characterized 


by  its  proper  impedance 


u 


5 i,/t 


ttTtnr.Tyn 


f  '  t 

..  Thus  the  coupling  impedance  and  the  impedance  of  f 

\  '  ■,  ■  ! 
i  the  outer*  conductor'  of  the  cable  are  related  by  the  current: 

!  ’ 

I  densities  or  the  longitudinal  components  of  the  electrical  ; 

I  field  at  its  external  and  internal  surfaces:  I 
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JC 
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qt*  y  ******  7 
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Tire  Impedance  of  the  outer  conductor  is  defined  by  | 

¥ 

the  formula  f 


7 


7l 


_L 

277 


sot  <*£ 


(7-3)| 


i  i  | 

In  the  very  high  frequency  region,  where  ftf’ti  )  3,f 


:ni 


|  the  value  of  Jcoth  <fb(  — *-l  and  the  formula  is  simplified  to 


if 


2k£» 


(7-4) 


|  .  It  should  be  noted  that  the  numerical  value  of  2, J 

f  H 

!  does  not  change  whether  or  not  the  source  of  energy  lies  j 

I  f 

j  within  the  cable  (disturbing  circuit)  or  outside  it  (dis-  f 

|  turbed  circuit),  while  the  value  of  Z.  does  depend  on  thief 

I  0  f 

j  fact.  From  formula  (7-4)  Z^  may  be  calculated  for  the  die-) 

|  turbing- circuit.  In  order  to  calculate  the  proper  Imped-  j 

I  ance  of  the  disturbed  circuit,  ZA,  the  inside  radius  of  1 

it  C  1 
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7-3.  CALCULATION  CF  THE 


CROfS-TALK  A^TE^JATI.ON  } 

f 

OF  COAXIAL  CABLE.*?  ! 

The  cross -talk  attenuation  between  coaxial  circuits 

t 

depend b  upon  the  frequency  of  the  current  transmitted,  the, 

> 

geometrical  dimensions  and  material  of  the  outer  conductors, 
their  location  with  respect  to  one • another,  and  the  im¬ 
pedance  Involved.  In  completing  a  third  Intermediate  circuit 
For  the  case  in  which  the  coaxial  pairs  are  in  di¬ 
rect  contact  (the  moat  frequency  encountered ) ,  the  cross-  ' 


carl 

existed 

8C-  ; 

of 

cable' 

the  i 

ar> 

d.  a  t  th 

ie  far- 

end ,  B-. ,  arc  e  que  ] 


Ba-=B, 


In 


9  y  7 

7- 

+-•  j  *> 


in 


(r?~V  V 

\  i  if, 


where  Z  la  the  wave  impedance  of  the  coaxial  cable;  Z~  ^  1$ 

s 

the  coupling  imoedance  In  ahnm/kr.15  Z,  is  the  impedance  of  i 
the  Intermediate  circuit  formed  by  the  two  external  shells 
of  the  coaxial  pair  under  consideration,  in  ohms/km.  i 

For  long  cable  lines,  more  than  1  km  long,  the 


cross-talk  attenuation  may  be  calculated  on  the  basis  of 
the  following  formulas: 


\  \  ' ! 
{  a)  for  a  comparatively  short  auction  of  cable  line  * 

I  \ 

I  (where  01  451)  the  or oss-talk  attenuation  at  the  near  end,  '■ 

\  ‘  f 

|  Bq.^,  aM  at  the  far  and,  ,  of  the  cable  is  the  same  and  l 
I  actuals:  f 


jl 

j  .  B0e**Btn=z  In 

:>ifZ3 

«***■••— 

1  7"“  / 

—  In 

JV 

*7~ 

i 

s 

.:• 

f  • 

i 

i 

i  where  1  is  the  length  of  the 

cable, 5  in  k 

raj 

(7-8)1 


f  ^  1 

I  b)  for  long  cable  lines  (where  01  >  1)  the  cross- 

|  .  1 

|  talk  attenuation  at  the  near  end  1st  f 

f  •  I 

»■  1 

I 

« 

(7-9)! 


£0„  —  f  n  |  •—£  2‘f  |  rr  in  [  N*  2  y  |: 
|  | 


j  where  ^  is  the  propagation  constant  of  the  coaxial  cable,  j 

f  .'  | 

I  The  resistance  to  interference  between  the  coax-  i 

|  j 

f  ial  circuits  is  •  ! 


'is 


=  in 


2/fZs  j  ,  j  iV 

..  j  ^  ff  jf  y  /  W*lVTTT^Wr. 

4/  1  "  ' 


(T-lo)i 


The 


cross- talic  attenuation  at  the  far  end  is: 
2  ZZi 


In 


>n  +  pi  =s  In  |  —j-  +  pi  =  In 


l  *it* 


+  ¥*  (7-ii  )i 


I  where  £  Is  the  attenuation  constant  of  the  coaxial  cable*  | 


^Stesitt 
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Wfir^vz  m*’**.*!***,  ttr^ttOrTJ ^rArriff  imagy: "fr.fftrn.-TTW »j>**m*>#z**^^  .  ■•  *• 

i' 

,..  Comparing  the  formulae  for  computing  the  crose-talk? 
attenuation  and  interference  resistance  of  the  symmetric  | 

i 

and  coaxial  cables,  we  may  note  that  they  are  identical  in  ;• 

i 

form.  The  difference  lies  in  the  fact  that,  in  the  .eymmet- f 

*  f 

► 

rical  circuits,  owing  to  the  indefiniteness  of  the  phase 

■( 

shifts  introduced  by  the  individual  sections  of  the  cable,  | 

the  interaction  adds  geometrically,  and  the  length  of  the  ! 

f 

line  enters  into  the  expressions  .for  B,  and  fi,0  under  a  \ 

xp  J.  d  i 

radical  {fn  or  ^/T),  while  in  the  Joined  sections  of  coaxia.1 

i 

circuits  the  phases  have  the  same  sign  which  permits  arith¬ 
metic  addition  of  the  Interaction,  and  the  length  1  enters! 

*****  i 

Into  the  formulas  directly.  J 

•The  quantities  Z,  f  $  ft  in  expressions  (7~7)-(T*H)| 
are  calculated  on  the  basis  of  the  formulas  presented  in  f 

c 

section  5-5*  The  coupling  impedance  Z,g  is  determined  in  i 

the  manner  shown  in  the  section  7-1. 

The  impedance  of  the  Intermediate  circuit,  Z^, 

consists  of  the  Impedance  Z^  of  the  outer  conductors  of 

c 

both  coaxial  cables, and  the  inductive  reactance  of  the  f 
circuit  formed  by  them:  I 


2,  =  2Z,+M., 


(7-12 X 


where  is  the  external  inductance,  equal  to: 
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£3  — :  4  J O  .JO”4  £fe niys/f(/A)  (7-1.3)  | 


All  the  symbols  given  in  (7-13}  are  shown  on 


I  Fig,  7-10 


a  t 

|  .  Jn  the  case  where  the  coaxial  pairs  are  in  contact] 

r 

f  the  external  inducts nee  Lg  -  0,  and  the  Impedance  of 

|  | 

j  the  intermediate  circuit  equals  the  sum  of  the  impedances  [ 

I  of  the  outer  conductors  of  the  cables.  .  | 


Z,  =  2Z 


(7-14)1 


The  quantity  Zc  includes  both  the  pure  resistance  \ 

i 

and  the -reactance  Introduced  by  the  internal  inductance  ofj 
the  outer  conductor  of  the  cable.  The  formulas  for  cbm-  ! 


j  puting  Z(i  are  given  in  section  7-2.  ) 

|  ,  \ 

1  \  Tables  7-3  and  7-4  give  the  results  of  measure  mentis 

i  .  ! 

I  of  cross-talk  attenuation  at.  60  kc  between  pairs  of  cables!. 

|  The  cable  used  was  type  2 ,6/9 .4,  425  m  long,  consisting  ofj 

j  tou*  coaxial  circuits,  type  1.83/6, -7*  16  km  long,  and'  type} 

!  3 .17/11. 7*  12  km  long..  1 

I  .  .  I 

]  Fig,  7-11  gives  the  frequency  dependence  of  the  I 

1  I 

I  cross-talk  attenuation  at  the  near  and  far  ends  for  j 

J  type  5/18  coaxial  cables.  1 
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cermatioir  between  coaxial  pairs 


axial  cables,.  A)  Nepers;  b)  above  the  limit  of  weastra- 


1 

\  mer;.t i  C)  kc 


'i  isVcV*!'-  •  t  ».«,< .'KitfwKmM/.iiii  •'  ‘ rrvm f j 


uw>, 


TABLE  7-j^ 


i($ 

H 

|  Ka<fe.*fc  J  .83/3,7 
IS  km 

I® _ i 

|  KtSejit'  3,17*11,7 

!  15  KM> 

8$ 

3*  st 

[/$U| 

ju*rn  ***,  mf£) 

50 

1 

14,5  ! 

1 

|  n,5 

- 

iOO 

1 5,85 

! 

12,7  S  10,5 

200 

13,44 

1 14,35 

H,r>  ;  12,7 

300 

-  , 

|  ■■— 

i  15,7  14,3 

400 

',  ->■’•*—  | 

|  «*M*M 

!  —  15,3 

500 

- — 

1  - 

|  —  16,0 

Results,  of  Measurement  of  Cross-Talk  Attenua 

i  V 


tlon  in  Long  Coaxial '"Lines, 

A)  Frequency 

1.83/6,7  cable,  16  km  long; 

C)  type  3.17, 

longj  D)  Bq4  nepers  j  E)  B~  , 

nepers j  F)  B 

nepers , 

(i  rt*> 


, >i_w  in  > «.M|irf^ 
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20  SMommm  :m  m  sob 


Fig.  7-12.  Frequency  dependence  of  cross-talk  attenuation  f 

'  V  I 

between  two  35-km  long  coaxial  cables.  A)  Nepers t  B)  leadjj 

| 

C)  copper;  B)  standard  s , E)  ops.  ,.  I 


Fig,  7-12  gives  the  values  of  the  cross-talk  at-  j 

l 

tenuatlon  Bq  and  between  two  type  5/1 8  coaxial  cables,  \ 

equal  in  length  to  a  repeater  section  —  35  km.  The  same 

-  ? 

■  I 

figure  gives  the  standard  curve  which  must  be  satisfied  byj 

!  '  I 

a  coaxial  cable  In  accordance  with  the  recommendation,  of  f 

f 

the  International  Consultative  Committee,  According  to  the] 

!  V 

t  ,  > 

5  | 

i  existing  norms  of  the  committee  the  ability  of  coaxial  clrr 

.  0  I 

cnits  to  reject  noise  must  be.  not  less  than  9*8  nepers  at  -I 

j  I 


i'w. » • .<•.* j  Ae,  ••***»»  'srs^fiwrcA? ^«an?' .mw**' *43K»**fcJv*'**  w* v#ar'  ****' '  v*| 

cable  itself  the  standard  cross- talk  attenuation  will  be  | 

£ 

Bl?  +  fil.  .  •■  .  ; 

It  is  clear  from  Fig.  7-12  that'  a .  coaxial  cable  ; 

i 

begins  to  satisfy  the  cross-talk  attenuation  requirements'  j 

only  at  frequencies  of  60  kc  and  above,  j 

> 

From  Fig*  7-13*  where  the  dependence  of  the  values; 

of  B0n>  Bln>  and  B-,  g  upon  line  length  is  given,  it  is  clear 

that  as  the  length  increases  the  ability  of  coaxial  eir- 

v  | 

cults  to  reject  noise  decreases  (B* g  decreases)*  The  cross 


Fig.  7 “13.  Variation  in  the  values  of 
cross-talk  attenuation  with  the  length  of 
a  coaxial  cable  line. 


I  talk  attenuation  at  the  near  end,  which  drops  somewhat  at  * 
|  first.  Is  constant,  and  equals  BQn  ~  In  |  N*2  f\.  The 
cross-talk  attenuation  at  the  far  end  has  a  minimum  at  a  J 


5r'9 


|  specific  distance  (Id ),  and  then  rise??  as  the  length  of  the? 

j  j 

\  line  Increases.?  the  reason  for  this  is  the  increase  in.  the: 
•|  attenuation  1_  of  the  cable  itself.  .• 

i  v 

;  7*4.  INTERACTION  BETWEEN  COAXIAL  PAIRS 

LOCATED  WITHIN  A  COMMON  LEAD  SHEATH 


The  computational ' formulas  which  have  been  given  * 
;  above  allow  only  for  direct  interaction  between  two  iso- 
f  lated  coaxial  pairs .  In  actual  cables*  in  addition  to  co~  ; 

?  I 

|  axial  pairs*  there  are  third  circuits.  We  refer  to  the  lead 

*■  ) 

|  ; 

|  sheathing  and  armoring  within  which  the  coaxial  -pairs  are  I 

l  ; 

5  located*  as  well  as  the  remaining  circuits  contained  with-:? 

\  in  the  single  cable.  * 

f 

j  In  general*  the  lead  sheathing  and  third  circuits  • 

|  act  to  favor  coaxial  cables  with  respect  to  interaction*  ; 

i  . .  j  * 

t  increasing  the  cross-talk  attenuation  between  the  coaxial  ■ 

j  ■  : 

i  circuits  and  improving  their  ability  to  reject  noise. 

i  • 

|  •  This  is  explained,  physically  by  the  shielding  ac~  j 


l  tion  of  the  third  circuit.  They  carry  off  some  of  the  in-  . 

I  ? 

|  teraction  energy  and  increase  the  noise  resistance  of  the  ' 

i  i 

|  disturbed  circuit.  Here  the  effect  is  completely  similar  j 

*  :: 

1  to  that  in  the,  case  of  a  shielding  wire  used  to  decrease  I 

s  ■ 

I  the  Interference  of  aerial  power-transmission  lines  with  * 

i  a  communication  line. 


V* .«■;»*>  Vr,  s V-. >1 !»<*»*»»* . 
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|  As  can  be  seen  from  Fig,  'f-lb.  the  Interfering  etc 

l 

Jcmlt  I  Induces  emfe  and  corresponding  noise  currents  I,!, 
I-*  In  the  disturbed  circuit  II  and  In  the  shield  wire. 


Fig,  T~l4.  Principle  of  a  shield  wire ,  l)  Disturb-  . 
Ing  circuit!  3)  shield  wire;  2}  disturbed  circuit,  j 

i 

j 

The  current  li  net  up  in  the  shield  wire  in  turn  induces  an! 

3  ! 

emf,  and  sets  up  a  current  1 1, n  in  circuit;  II,  This  current  J 

i 

jls  opposite  in  direction  to  the  current  Id,.,  ! 

i  '  i**'  ^ 

As  a  result.,  the  difference  current  II  —  I^VI  acts  j 

\  d  L>. 

jin  circuit  II,  and  the  magnitude  of  the  interference  is 
i 

jless  in  tne  presence  of  the  shield  wire  than 
f 

jin  its  absence. 

|  In  actuality  the  mechanism  of  interaction  in  coax-  ! 

I  ! 

Ilal  cables  in  the  presence  of  third  circuits  is  euite  com-  i 

|  ‘  j 

>licated;  however,  the  example  given  is  adequate  to  show  \ 

<i 

at  Is  happening  physically  in  the  screening  action  of  j 


fthird  .  circuits.  In  a  combination  coaxial  cable,  the. lead i 
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Fig.  7-15*  Calculating  .the  interaction  be¬ 
tween  coaxial  circuits  in  the  presence  of  a 

common  lead  sheath.  1)  First  coaxial  cir~ 

*  '  ~ 

cult  j  2 )  second  coaxial  circuit j  0)  lead 
sheath. 


\ sheathing  plays  the  role  of  a  shield-  wire ,  as  do  the  armor-; 
jing  and  other  third,  circuits  included  in  the  cable .  I 

|  In  the  general  ca.se*  the  calculation  of  Interact iorj 

| in  combined  cables  is  rather  complicated.  For  practical  [ 

j purposes*  the  'greatest  interest  is  'presented  by  the  case  off 

I  •  ... 

| the  interaction  of  two  coaxial  pairs  located  symmetrically  } 

•  '  f 

{within  a  common  lead  sheath  (Fig.  7-15).  f 

l  ! 

|  In  this  case  the  cross-talk  attenuation  may  be  ex-  \ 

|  f 

(pressed  In  the  terms  of  the  cross-talk  attenuation-  between  1 


the  two  separate  coaxial  circuits*  B,  and.  the  additional 


^  <“'•  «w.r-  y-w  w:».  -^wwwwn 


*tf*w s*  -*W**V  i-v\r-i-A  -V 


fcross-talk  attenuation#  due  to  the  lead  sheathing,  acting  aej 


a  third 


circuit,  B. 


ft  _  —  /?  J_  U 


(7-15) 


The  way  in  which  B  Is  determined  has  been  explained* 


above 


\  The  value  of  En  may  be  computed  approximately  by  f 

I 


ruBlng  the  following  formula: 

Ba  —  In 


ta 

/ 

10/20 


(7-16) 


where  L^q  is  the  inductance  of  the  circuit:  coaxial  pair  I 
lead  sheath; 

Lp0  is  the  inductance  of  the  circuit:  coaxial  pair 
II  —  lead  sheath; 

1*10/20  5-3  mutual  Inductance  of  the  circuit:  co¬ 
axial  pair  1  —  sheath  and  pair  II  sheath. 

Assuming  that  these  parameters  have  approximately 
the  following  values:  L^0  “  1^20  2*10“^  henry a/km  and 

r 

L„  0^0  ~  ^*1°  henry  s/km,  the  additional  cros3-talk  at¬ 
tenuation  may  be  computed  from  the  formula: 


B-a  Xr  in 


m. 


(7-17) 
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*  . , ^•i***.  sum-ftt** »•  -  v 

j  Consequently,  the  higher  the  frequency,  the  higher.  j 

\  ’  1 

|the  cross-talk  attenuation  introduced  by  the  common  lead  •  ! 

[sheath,  and  the  higher  the  "  shielding’' ”Vff  e,c  t  of  third  cir¬ 


cuits. 
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